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ADDENDA ET CORRIGENDA TO PART III. 


Page 901, line 13 from bottom, “ Weinsheimer ” read “Wieders- 
heim.” 

II 912, line 2 from top,/t7r “ Teleotomi ” read “ Teleostomi.” 

II 928, line 17 from top, for “ Hypocladodus ” read “ Hybocladodus''" 
n 928, line 8 from bottom, “ Scilliidce^' read “ Scylliidce.^^ 
n 944, Carcharopsis is identical with Dicrenodus (p. 928), 
ir 945, line 6 from bottom, before “ no basal ” add “ usually.” 

If 951. Myriacanthus has recently been made the type of a distinct 
family — the Myriacanthidce (see Appendix). 

II 955* Ceraiodus has recently been recorded from the Stonnberg 
beds of the Karoo system of S. Africa. 

II 965. Pnigeacanihus is identified with Oracanthns (p. 947). 

II 966, line II from top, before “very minute ” add “ usually.” 

II 966, line 5 from bottom, dele “ minute.” 

II 967, line 4 from for “ Carboniferous ” read “ Devonian.” 

II 969, line 9 from top, dele “ and Carboniferous.” 

II 971, fig- 90$^ for “ Heberti^^ read “ Hibbertil' 

If 978. Palceoniscus occurs in the Stormberg beds of the Karoo sys- 
tem of S. Africa ; and from the underlying Beaufort beds a fish 
allied to Rhabdolepis has lately been described as Atherstonia. 

II 979. The name “ Piatysomida ” should be amended to “ Platyso- 
matidceP 

fi 988, line 22 from bottom, dele “as in BelonorhynchusP The 
genus Belonorhynchus has recently been described from the 
Australian Hawkesbury beds ; while Belonostomus^ or a closely 
allied form, is recorded from the Lameta Cretaceous of India. 

♦f 989. HyPsicor?nus has been recently described from the Oxford 
Clay, and Burycormus from the Kimeridgc Clay of England. 

II 1004, line 20 from bottom, for “ Sattrinichihys ” read “ Taurinich- 
thysJ* 

»» 1033. A species of Bothriceps has been recently recorded from the 

Karoo system of S. Africa. 
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Page 1035. The name Platyops being preoccupied, may be changed to 
Platyoposmrus. The genus should apparently be included in 
the Archegosaurida^ since the vertebrae are described as rhach- 
itomous. 

(I 1036. CapitQsaurus also occurs in the Bunter. The superiority of 
size of Capitosaurus over Trmatosaurus renders it more prob- 
able that the former is the same as Chirosaurus (p. 1039). 

It 1036, 1037. The alleged occurrence of Mastodomaurus giganteus 
and Metopias in the Rhaetic rests on insufficient evidence. The 
latter genus is stated to have been recorded from the Conti- 
nental instead of the British Rhaetic. 

M 1041, bottom line, dele and may not improbably be identical with 
Chelotriton.^^ 

If 1043, line 8 from Xo^yfor “each” “hind,” and for “pes” 
read “same.” Alytes occurs in the Miocene of Sausan {Rana 
Troschelt), Latonia (p. 1044), according to Cope, is not allied 
to CeraiophrySy but belongs to the Discoglossidce j it also 
occurs in the Sausan Miocene. The Palceobatrachidce 
to connect the Pelobaiidce with the Aglossa, as represented by 
the Dactylethriday or Xenopodidce as they should properly be 
called, — Dactylethra being a synonym of Xenopus. 

M 1044. The name Cystignathidce should be replaced by Leptodacty- 
lidcBy Cystignathus being a synonym. 

fi 1057, line 8 from top, before “ characterised ” add “ typically.” 

If 1057, line 17 from top, before “African ” add “ typical.” 

M 1058-61. Additional characters of many of the genera are given in 
the Appendix. 

fi 1059, line 4 from top,/^?r “ divided ” read “ undivided.” 

If 1059, line 7 from top,/^r “ single ” read “ double.” 

II 1108. is distinct from See Appendix. 

ti 1117, line 10 from bottom, the name “ Cyclanorbince ” may be sub- 
stituted for “ EmydincBy^ since the latter is preoccupied. 

II 1126. S\nc^ Ichthyosaurus platyodon from all other species 
of Ichthyosaurus by the smooth and carinated crowns of its 
teeth (fig. 1028), it appears, on the whole, advisable to regard it 
as the type of a distinct genus, for which the name Temnodonto- 
saurus is proposed. 

If 1139. Rhaphiosaurus proves to be founded upon part of a jaw of 
Pachyrhizodus (p. 993). 

If ‘ 1176, line 2 from top,^r “ Kimeridgian ” read “ Portlandian.” 

II 1179, line 18 from top, after “ species ” add “ of the former.” 

If 1264, fig, 1130, A is a skull of Mamsy and not Echidnay as stated, 

11 1372, lines 16, 17, from top,/<?r Limnotherium ” read Limnohyusl^ 
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CHAPTER XLV. ^ 

SUB-KINGDOM VERTEBRATA. 

General Characters. 

The Vertebrata, or highest types of the entire animal kingdom, are 
distinguished as a whole from all the preceding sub-kingdoms (col- 
lectively designated as the Invertebrata) by the general presence of 
an internal skeleton, and more especially of a cylindrical longitudinal 
axis, termed the notochord, which is usually replaced in the adult 
by a series of cartilaginous or bony segments collectively constitut- 
ing the vertebral column. This axis, or column, separates the smaller 
dorsal or neural tube of the body from the larger ventral or visceral 
(haemal) tube ; and the body itself, together with its appendages, is 
always symmetrical to this axis, and is never externally divided into 
segments. Limbs may be completely wanting, but when present 
they never exceed two pairs, and are always turned away from the 
dorsal or neural aspect of the body. 

That the Vertebrata have been derived from the Invertebrata at 
an extremely early epoch of the earth’s history is practically certain ; 
and, although we are unable to point to the direct ancestors of the 
sub-kingdom| yet we have an inkling of this relationship exhibited 
by the presence of a notochordal structure in the earlier stages of 
the Ascidians, while there are also certain features in the organisa- 
tion of the Annelids suggestive of their being allied to the primitive 
stock whence the Vertebrates took their origin. Since, however, it 
^ is pr^able that these primitive types were soft animals, it is unlikely 
tk«t Jpy light will be thrown on the origin of Vertebrates by means 
01 Paieeontotegy ; and if the problem is ever to be solved it will be 
by.%^d S^Embryology. ^ 
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Leaving then the origin of Vertebrates as an unsolved problem, 
in the solution of which the palaeontolc^st can have but little share, 
we may proceed to a brief survey of the classification and chief 
structural features of the Vertebrate sub-kingdom, so far as they con- 
cern the palaeontologist. 

For this purpose the sub -kingdom may be divided into five 
classes ^ — ^viz., Pisces or Fishes, Amphibia or Amphibians, Reptiliac 
or Reptiles, Aves or Birds, and Mammalia or Mammals — of which 
some of the more important features, from the point of view of the 
palsBontologist, will be mentioned under these respective heads. 

The first and second classes have been brigaded together by Pro- 
fessor Huxley under the name of Ichthyopsida, and the third and 
fourth as Sauropsida; and these terms will frequently be found 
convenient. Other •writers, again, from the absence or presence of 
certain structures during the course of development, group together 
the two first classes as Anamniota (Anallantoidea, or Branchiata), 
and the remaining three as Amniota (Allantoidea, or Abranchiata). 

Since the hard parts of Vertebrates are those with which alone 
the student of Palaeontology usually has to deal, it will generally be 
unnecessary in this work to make any allusion to the soft parts of 
the body. With, regard, however, to these hard portions, it is ad- 
visable to give an extremely brief sketch of the more important 
elements of the Vertebrate endo- and exoskeleton for the benefit of 
those readers who are unacquainted with the elements of Compara- 
tive Osteology. It must, however, be distinctly understood by all 
who desire to practically study the history and structure of extinct 
Vertebrates, that it is absolutely essential they should have that 
thorough knowledge of the osteology of the recent members of the 
sub-kingdom which can only be gained by familiarity with actual 
specimens, accompanied by patient and laborious study of the 
numerous works on the subject. The following sketch is, indeed, 
merely sufficient to enable the reader to understand the meaning of 
the terms employed in the sequel ; and throughout the Vertebrata 
the limits of this work will necessarily permit of only some of the 
more salient features of the skeleton of the various groups being 
mentioned. It may also be observed that those groups whi "h have 
wholly disappeared, or of which the palaeontological and evolutionary 
history is of especial interest, are more fully treated of than those 
more or less exclusively confined to the later or present epochs, and 
of which history is fully recorded in those works to which the 
term “Natural History'" is usually restricted. In the majority of 
instances, space does not permit of allusion to species ; but 

^ A sjixth claw*-Leptocardii — is formed for the reception of the Lancclet 
with which the paloeontoiogist has, unfortunately, nd concern, os 
its pptt Mstoiy is a blank. ^ 
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in the case of very large genera, where the species differ consider-' 
ably in essential characters, attention is in some instances directed 
to the more important specific types. The student must not, more* 
over, expect to find that every known genus of fossil Vertebrates, or 
even every family, is mentioned in the following chapters, of which 
the object is to enable him to gain a fair general knowledge of the 
«past history, distribution, and leading structural features of the best 
known groups of the various classes. 

Commencing with the outer skeleton or exoskeleton it may be 
observed that, as a rule, the palaeontologist has but little to do with 
structures developed in the epidermis^ or layer overlying the true 
skin or dermis^ since these generally perish during the process of 
petrifaction. The scales of Lizards belong, however, to this layer, 
and their impressions are in some instances preserved ; while in the 
Chelonia the boundaries of the horny shields, covering the bony shell, 
are in some instances the most important characters by which fossil 
specimens can be determined. Occasionally, again, as in the Solen- 
hofen Archceopteryx^ the feathers of Birds have left their impression 
in rocks of which the material is of a fine-grained structure ; while 
still more rarely, as in the bony covering of some Glyptodonts, pits 
from which hairs or bristles once grew are preserved in a fossil 
state. 

The dermal exoskeletal structures are of considerably more im- 
portance from a palaeontological point of view ; and it should be 
observed that in nearly all the classes there appears to have been a 
gradual tendency to the disappearance of the bony elements of this 
skeleton in the higher forms, this being especially marked in the 
case of Fishes. In the latter class the scales of all types, of which 
fuller mention will be made in the sequel, belong to the dermis, 
and in some forms there may be a complete dermal armour formed 
of imbricating scutes, as in Callichthys among the Siluroids, or, as in 
the Coffer-fishes {Ostracwn\ consisting of calcified scutes with their 
edges in apposition. Apparently the most primitive type of dermal 
armour in this class consists of small denticules supported on bony 
plates, and it has been found that such denticules are absolutely 
homologous with true teeth, of which we shall speak presently. 
The bony fin-rays^ and fin-spines of Fishes are another development 
of the dermal skeleton, which will be noticed under the head of 
that class ; although it may be observed here that many of the 
latter are closely allied in structure to teeth. Again, the dermal 
skeleton in many extinct Amphibians and Reptiles takes the form 
of a more or less complete armour, either on the ventral or the 
dorsal, and not unfrequently on both aspects of the body, con- 

^ The«#4^inal fin-rays must not be confounded with the radial cartilages of 
the endoskeleton. 
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stnK^ted of solid bony ^mtes^ which may imbricate or overlap one 
another, like the tiles on a roof, or may be firmly united at their 
edges by sutural union. Such an armour may also develop enor- 
mous bony spines, often attached to the skin by an expanded base 
which represents the scutes. In the latter class, again, the bony 
shells of the Testudinate Chelonia are formed partly of dermal 
elements, blended with others belonging to the endoskeleton to 
form a continuous whole; while in the Athecate division of the 
same order the whole of the protective armour is of dermal origin. 

The so-called membrane bones of the skull, and the clavicular 
portions of the pectoral girdle, are likewise of dermal origin, and 
therefore properly belong to the exoskeleton ; but their intimate 
connection with cartilage bones renders it more convenient to con- 
sider them with the^ndoskeleton. 

Teeth, as belonging to the list of dermal structures, may be con- 
veniently noticed here ; and the importance of these organs to the 
palaeontologist can scarcely be overrated, since from their extreme 
density they are more often preserved in a perfect condition than 
most other parts of the skeleton, and thus frequently form the only 
safe guide to the affinities of an extinct type. Teeth are composed 
of two or more earthy constituents, varying in their structure, and 
the amount of animal matter contained in them. The 
most important element is that known as dentine (fig. 
813, d)y which forms the greater portion of the body 
of most teeth, and consists structurally of extremely 
minute tubes, cells, and earthy particles. Some den- 
tine is devoid of blood-vessels ; but in other cases it 
is permeated by the latter, when it is known as vascu- 
lar^ or vas<hdentine; and both these structures may exist 
in a single tooth. In young teeth (fig. 813) the centre 
of the dentine mass is occupied by the vascular pulp- 
cavity (pc\ which is open at the ba^ ; but in the adult 
this cavity is often totally obliterated, by the formation 
of what is known as osteo-dentinCy which is a kind of 
vasculardentine passing imperceptibly into the structure 
of true bone. The second primary constituei*t is the 
enamel (r), which, when present, immediately overlies 
the dentine of the cr&wny or exposed portion of the 
tooth, and is the hardest known animal substance ; 
it is composed of extremely minute prismatic fibres, 
generally running at right angles to the outer surface 
Of tbO tooth. This substance is the least constant 
element 'in teeth, although it is very generally present 
in 0 io«e of Mammals ; among the Reptiles it is entirely wanting in 
Ophidian Squamata, but is fwesent in the Crocodilia. The 



Fig. Sx3.— Dta- 
gradunitk 
cal scctloa of a 
tooth. 

cavily. 
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third constituent, usually known as ^ment (fig, 813, e), but occasion- 
ally as crusta petrosa^ is the most extemd of the three : in some 
instances, as in fig. 813, it is confined to the root^ or embedded 
portion of the tooth, where it consequently comes into immediate 
contact with the dentine ; but in other cases it is found overlying 
the enamel of the crown, and in others again, where the enamel is 
wanting, it forms the main covering of the crown, as in the teeth 
of the Edentate Mammals. The cement is always traversed by 
vascular canals ; and its structure is very similar to that of bone, 
although only occasionally presenting all the peculiarities of the 
latter. 

True teeth are generally confined to the mouth and pharynx, but 
they may be situated on many of the bones of the former, and their 
mode of attachment varies from a simple anchylosis to the under- 
lying bone, to implantation in distinct sockets. The simplest forms 
of teeth are small granular bodies, like the minute ossifications 
already mentioned as occurring in the skin of certain Fishes ; while 
those of the most complex structure are to be found in certain Fishes 
(Dendrodus)y in the Labyrinthodont Amphibians, and among Mam- 
mals in the Edentate genus Orycteropus and many Rodents and 
Ungulates. Except in forms where all are alike, as a general 
rule the teeth at the anterior extremity of the jaws are more or 
less simple, while there is a gradual increase in their complexity 
towards the opposite end, and in most cases the lower teeth are 
narrower and more elongated in an antero-posterior direction than 
the upper ones. 

The importance of teeth to the palaeontologist as a means of 
determining the affinities of fossil forms has been already mentioned ; 
but in many cases their evidence must be supplemented either by 
that of other remains, or of the geological horizon whence they were 
obtained ; since otherwise serious error may result Thus, the teeth 
of the Dinosaurian Megalosaurus present a strong resemblance to 
some of those of the Mammalian Machcerodus; while the front teeth 
of some Sparoid Fish approximate to those of the Primates ; and the 
lower hinder teeth of the Kangaroos, of the Dinothere among the 
Proboscidea, and of the Tapir-like animals in the Perissodactyla, are 
all singularly alike in form. Another fertile source of error to be 
guarded against is the great difference in the form of the teeth from 
different regions of the mouth. 

For the microscopic structure of teeth and their mode of develop- 
ment, the student must refer to other works ; but a large number 
of the more important types of dental structure will be found noticed 
in the course of the following pages. 

By far the greater number of adult Vertebrates possess a solid 
inner, or endoskekttm^ composed of bone (into the nature of which 
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it be uipecessary flitter here) 5 but in others this skeleton 
re^ns cartilaginous throughout life, or, as in many Sharks, has 



solid structures formed by calcifications 
in the cartilage, which are quite distinct 
from true bone. This endoskeleton may 
be divided into an axta/ portion^ or that 
of the head, trunk, and tail ; and an 
pendicular portion supporting the limbs ; 
the relations of the two being shown in 
fig. 814. The anterior part of the axial 
skeleton is formed by the skull (of which 
we shall speak later); and this is suc- 
ceeded posteriorly by the vertebral column^ 
typically composed of a number of seg- 
ments, known as vertebra, placed in the 
middle line of the dorsal side of the 


body, and continuing from the head to 


the extremity of 
the tail. This 
column is devd- 
oped round a rod- 
like axis known 
as the notochord. 
In certain of the 
lower forms the 
latter may persist 
throughout life, 
and may either 
simply have a 
fibrous or carti- 
laginous sheath, 
or may have cal- 
cifications, or car- 



Fig. 815. — Left lateral view 
of an imperfect an^icoelous 
dorsal vertebra of a Dicynodont 
Reptile. spt Neural spine 
(broken); /a, Preatygapophy- 
sis ; pt.z^ Poatzygapeyphysis ; 
//»,Transvenys procMS<broken) ; 
cp^ Rib’i^xxX on the ce&trum ; 
by h ^ Muscular ndgei^ 


tilages, in either the dorsal or tentral por- 
tion ; and there is a complete transition 
from such a primitive type of column 
to that of the more specialised types in 


Fig, $i4.<^Und«r surface of a 
l^bvtiftcliodottt Amphibian (Sc^ 
wkb the derm mnom rt- 
wyvw from ^ left aide in order 
toahowtheeadoalialeton. Gmtly 
enlaiged. (Aft^Fikad).) 


which the vertebrse are fully ossified. 
There is an enormous amount of variation 
in the structure of the vertebrae of differ- 
ent groups, and even in the different 


regions of the body of a single animal, 
but ti^re is one gen^ plan pervading them all. Thus a typical 
vw^bia (fig. 815) consists of a basal portion, or centrum, which 
may be either dii^-hke or more or less elongated. Its posteriw 
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aad anterior »irfacea, by which (with the h|)fervention of cartilages) 
it articulates with the adjacent centra, may be nearly flat or con- 
cave, when it is said to be amphicmlous (%. 815); or its anterior 
surface may be more or less hollow, and the posterior convex (fig. 
816), when it is termed promlous ; or, lastly, the reverse of the lat- 
ter arrangement may obtain, when the centrum is termed opisthoml- 
0is ; an example of the latter structure being shown in the vertebra 
of Cafamospondylus given in the sequel (fig. 1071). Immediately 
above the centrum is the 
aperture of the channel for 
the reception of the spinal 
cord, known as the neural 
canal (fig. 816); this canal 
being enclosed laterally and 
superiorly by the neural 
archesy which are surmounted 
by the neural spine (figs, 815, 

816 ). The lateral portions 
of this arch are termed the 
pedicles (fig. 817 , n)y and the 
parts connecting the latter with the spine the laminoe. The arch, it 
should be observed, always ossifies separately from the centrum, 
and the line of junction between the two when, as in many Rep- 




B • C 

Fig.^ 816, — Anterior (») and posterior (c) views of a 
tebra of a Lacertian Reptile 


slous dorsal vertebra ol 
•an 
apei 
are the 

spine , the oblique facets are the aygapophyses, and 
the lateral prominences the transverse processes, 
Mhich are here very short. 


prococl ^ . 

\VaraHus), The part above b and c is the centrum , 
the aperture the neural canal, above and round which 
e neural arches, surmounted by the neural 



tiles, they remain distinct, is known as the neuro-central suture. 
The neural arch bears a pair of processes, or facets, at either ex- 
tremity for articulation with the adjacent vertebrae; those at the 
anterior extremity (fig. 816, b) being known as prezygapopfyses, and 
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looiking inwards and upwards ; while those at the other extremity 
(%. 8i6, c) are termed posHygti^hym^ and look downwards and 
outwards.^ Besides these processes for mutual articulation, there 
are other process^ on many vertebrae ; the most constant being the 
irfmsvp^^ or dia^hym^ which may be very short as in 

1 %, or greatly elongated as in fig. 817, a, i/. These transverse 
may arise either from the arch or hrom the centrum, and 
M^e trunk frequently serve fw the main attachment of the ribs 
817, b),^ In fig. 816 we have an example of a vertebra with 
vdry short transverse processes placed mainly on the centrum, while 
the vertebra of Iguanadon^ figured in the sequel (fig. 1058), we 
see very large transverse processes arising solely from the arch. 

The sides of the centrum in the anterior region of the body 
frequently carry other articular processes for the ribs, which may 
be term^ rib or costal facets (fig. 815, cp\ or parapophyses. 
Again, the inferior or haemal surface of a vertebra may bear a 
fuBmal spine — the term haemal being applied to the inferior as- 
pect on account of its being directed towards the heart and large 
blood-vessels. Each vertebral centrum carries its own arch; but 
between the true centra of the Ichthyopsida there may be inter- 
calated centra-like bodies, carrying no arches, and termed intercentra. 
Rudiments of such intercentra occur in the so-called wedge-bones or 
hcemapophysesy found between the lower borders of the centra in 
certain Reptiles, and more especially between the first and second 
vertebrae. Further, the Y-shaped chevron-bones^ usually articulating 
between adjacent vertebral centra in the tail of many Vertebrates, 
are also morphologically intercentral elements. In Fishes the ver- 
tebral column can only be divided into trunk and caudal regions ; 
but in the majority of tiigher forms further divisions can be made. 
Thus the vertebra of the neck, in which the ribs never articulate 
with the sternum, are termed cervical (fig. 818, c)) the first of this 
series being designated the atlas^ and the second the axis. It is 
further remarkable that in most instances the centrum of the atlas 
is not joined to its arch, but either remains as a distinct element, or 
becomes anchylosed to the front of the centrum of the axis tq form 
the so-called odontoid process ; and it appears that in the ktter case 
the feferior bar connecting the two lateral arches of the atlas is 
really the remnant of the first inteicentrum. It is, moreover, prob- 
able that this separation of the component elements of the atlas 
should be regarded as a retention of the primitive feature obtair^iw 
in die vertebral column of many extinct Fishes and AmphilfliU^ 
wnere^ as will be noticed below, the whole of the vertebra are 
d|rinti«|grate<L Finally, it has been suggested that certain^ tmny 


^ These are well seen in the vertebra of Calomespondylu$ above mentiooed* 
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splints overlying the arch of the atlas in Crocodiles represent a 
vertebra intercalated between the latter and the cranium, for which 
the name proatlas has been proposed. It is, however, by no means 
proved that these splints do not belong to the atlas vertebra, so 
that an authority like Mr Hulke is disposrf to doubt the validity of 
this alleged additional vertebral segment. 

• In such Vertebrates as have the hind limbs well developed, 
or more of the vertebrae in the hinder part of the trunk differs 
the rest, and forms a sacrum (fig. 818, r), which articulates ojjr 
anchylosed ribs with the pelvic girdle. The vertebrae forming the 
region between the sacrum and the last cervical vertebrae in the 
higher forms consist posteriorly of a lumbar series (fig. 818, /), 



Fig. 8 18.-> Skeleton of an Armadillo, showing the regions of the vertebral column, c, Cervi* 
cal ; I><»rsal ; /. Lumbar ; r, Sacral ; Cau£il region or uil. The pectoral girdle is below 
and the pelvic below r. R^uced. 


without or with very short ribs, and anteriorly of a dorsal series 
(fig. 818, d)^ provided with long ribs, of which the anterior ones 
articulate with the breast-bone or sternum, Iri many Amphibians, 
however, in which (as in many Reptiles) there is no sternum, the 
ribs continue throughout the lumbar and some of the caudal series, 
as in fig. 814, so that no distinction can be drawn between dorsals 
and lumbars, and the series between the cervicals and sacrals is 
consequently called dorsodumbar. The term caudal is applied to 
all those vertebrae posterior to the sacrum. Moreover, where there 
ijs no sternum, it is frequently difficult to draw an exact demarcation 
b^een cervical and dorsal vertebrae, and we are compelled to rely 
^^lalogits drawn from the mode of articulation of the ribs. 

which have been already mentioned, are nearly always 
pt^fit in the dorsal region, and may occur throughout the length 
0f vertebral column. According to the views of Dr Baur, they 
are to be regarded as originally intervertebral structures, since they 
are attached in some of the earlier forms to the vertebral inter- 
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caiftra j but by the disappearatice of the latter they have frequently 
become transferred to the centra or their appendages, although in 
other cases their original derivation is indicated by their articulation 
at the junction of two vertebrse. Very generally ribs articulate with 
dre vertebral column by two distinct heads, which is probably the 
original primitive type of structure. In these cases the anterior or 
lower head is termed the ca^itular^ and articulates with the rib» 
facet or parapophysis on the ifertebral centrum (fig. 815, cp)\ while 
the posterior or upper head is known as the tubercular^ and in the 
dorsal vertebrae articulates with the transverse process or diapophysis 

of the arch. In the dorsal ribs the 
two heads may, however, coalesce, 
and articulate with a facet on the 
centrum, or with a longer or shorter 
transverse process on the arch. Fre- 
quently, moreover, while the anterior 
dorsal ribs have double heads, the 
posterior ones have but a single head 
articulatini^ with the transverse pro- 
cess. In the caudal region of many 
Reptiles true ribs articulate with the 
upper part of the centrum, and ex- 
cept as being separate, are indis- 
tinguishable from the caudal trans- 
verse processes of many Mammals, 
such as the Cetacea (fig. 817). 
Cervical ribs are present in most 
Reptiles, and usually articulate by 
two heads to the vertebrse — the 
upper head joining a facet, generally 
placed on the arch, corresponding 
to the transverse process of the dorsal vertebrae, and the lower one 
articulating to another facet on the centrum. Very rarely in Rep- 
tiles these cervical ribs may be completely anchylosed to the ver- 
tebrae, as in the vertebra of Calamosponiylus^ figured in the sequel 
(%. 1071) ; and this suggests that at least a portion of the oo-called 
transverse processes of the cervical vertebrae of Mammals, which 
arise from the vertebrae by double pedicles, really correspond to 
cervical ribs. In the Sauropterygia both heads of the cervical 
ribs articulate with the centrum. 

When a sternum is present the distal ends of the dorsal ribs are 
generally tmoisified, and sometimes termed intermediate ribs 
(^, fig. 819); and th 5 ?se unossified elements unite distally with the 
storiStribs {sr)f which in their turn join the sternum (fig. 817, b, b), 
F^frAer, among the Sauropsida lateral ossifications may be developed 



Fig. 81^— <-Sternal reeion of a young 
OrmtkorHymh^s, c, Clavicle ; t, Inter- 
clavicle , A Prestcmum , ms, Meso&ter- 
num, r. Rib; tr, Intermediate nb; sr, 
Sternal rib. (After Flower ) 
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on the ribs, termed uncinate processes^ of which the position is shown 
in the figure of the skeleton of the Eagle given below (fig. 1106). 

The breast-bone or sternum (figs. 817, 819) is usually composed 
of a median series of bones or cartilages on the ventral aspect of the 
body, which is divisible in the higher groups into an anterior pre- 
sternum^ usually consisting of 
g single ossification ; and of a 0 

series of mesosternal elements, 
followed posteriorly by the 
xiphisternum. In many Saur- 
opsida the sternal bones have 
long lateral processes ; and the 
ossifications in this class may 
consist of a pair of bones 
united by cartilage. 

The skull^ or anterior ter- 



mination of the axial skeleton, 
now claims our attention, but 
the description of this impor- 
tant and difficult part must 


Fig. 8ao.— Left lateral view of the skull of an 
embryo Dogfish, /r, Left trabecula; a, 

NasaJj orbital, and auditory capsules ; w, hy, br. 
Mandibular, hyoid, and branenial arches ; cl, v, 
Hyomandibular and first branchial clefts, (After 
Parker.) 


be of the briefest. The re- 


searches’ of embryologists have shown that the skull is only a 
special modification of the primitive elements from which the rest 
of the axial skeleton were formed, although it does not consist, as 


was once thought, of a series of modi- 
fied vertebrae. The skull is divisible 
into a dorsal, or cranial^ and a ven- 
tral, or visceral^ portion ; the former, 
originating from a series of primitive 
segments {somites)^ encloses the brain- 
cavity ; while the latter, which has a 
segmentation of distinct and later 
origin, is primitively connected with 
the function of respiration. 

The earliest commencement of the 
primitive cartilaginous cranium occurs 
in the formation of a pair of rod-like 
trabeculae (fig. 820), lying at the base 
of the brain, of which the posterior 
parachordal parts embrace the ex- 
tremity of the notochord (fig. 821). 
These parachordals soon unite to form 



Fig. 831. — Upper view of a later 
embryo, ct. Cornu of trabcculas; p/ 
and ptfy Preorbital and postorbital pro- 
cesses of do. ; r, Ethmonasal septum ; 
b, l^ilar plate ; rut. Notochord ; ol. 
Olfactory foramen. Other letters as in 
fig. 830. 


a basilar plait supporting the brain 

(fig. 821); while the anterior prochordal parts unite in front to 
enclose a space ipbid., ol) for the passage of the olfactory nerves, 
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Ae imit^ portion forming upturn {ibid,^ s). By the 

ap{»roximation of the basUkr plate to the nasai, orbital^ and auditory 
o&^suks^ these three distinct sense-regions become differentiated in 
tile cranium; and while the first and third become enclosed in 
cartilage, the lateral borders of the basilar plate, in some instances, 
grow upwards to enclose the brain in a complete cartilaginous 
capsule, which in certain Sharks (fig. 8a 2) persists throughout lif^ 
In the higher forms, however, the cartilage does not extend upwards 
over the brain, which becomes roofed in by bone formed directly 
from the overlying membrane. 

The visceral portion of the skull is formed by cartilages arranged 
in a series of arches in the walls of the throat (fig. 820). In the 
Ichthyopsida there may be as many as nine of these visceral arches^ 
but in the other tlyee classes they become reduced in number to at 
most three or four, which are also functionally modified. The first 
arch (fig. 820, m) supports in all cases the wdls of the mouth, and 
is accordingly called the mandibular arch ; the second is termed the 
hyoid; while the remaining ones, which persist only in the adults of 
Kshes as supports of the gills or branchicsy are termed branchial. 
It should further be observed that these arches are separated from 





Fig. 8 m. — L 4ft l^eral view of the cartilaginous skull ot a Shark (Natidanus), greatly reduced. 
JifKQBtiwni AF,PFt post-orbital processes; Orbit; NK, Nasal capsule ; +, 

Articuhition of patatopterygoid ; G, Artioslation of Meckel's cartilage {Aid) ; Z, Teeth ; 
iFlTf VertelgiDral ooliuna. (Aner wi^ersheim.) 

one another to the emlwyo by a series of visceral clefts (fig. 820), of 
whidh the respiratory apertures of Sharks are remnants. The man- 
dihtlar arch becomes divided into segments, consisting of a short 
proximal portton known as the quadrate, which very generally forms 
the main sjupport of the lower jaw ; and a long distal portion known 
af Meeker s ecirtilagf, abound which the mandible, or lower jaw, is sub- 
S^iptotly formed to those forms which develop membrane bones, but 
w^:b Ito the Sharks persists toroughout life as the functional lower jaw 
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(fig. 820). The quadrate gives off an anterior pcUatopterygoid 
ioquadrate) bar, which in Sharks (fig. 822) persists to form a kind 
of false upper jaw. The hyoid arch, which is close to the mandi- 
bular, and which in Fishes may abo take a share in the support of 
the mandible, is likewise segmented ; the most important elements 
in the latter class being the hyotnandibular and the sympUctic^ which 
are shown in an ossified condition in fig. 823, sy. As already 
mentioned, in Sharks the primitive cartilaginous skull is complete, 
and persists in this condition throughout life; but in the great 
majority of Vertebrates the progress of chondrification is arrested, 



and the skull becomes more or less completely covered in with a 
series of ossifications developed in the membrane overlying the 
brain, while the cartilaginous foundation itself is likewise converted 
into bone. Bones derived from these two totally distinct sources 
amalgamate in the adult in such a manner as to afford no clue to 
their dual origins. Following a modification of an arrangement 
adopted by Professor Weinsheimer, the more important bones of 
the cranium may be enumerated as follows : the relative position of 
most of them being shown in figs. 824 and 825.^ The cartilage 
bones comprise the hasioccipital^ basispkenoidy and presphenoid^ 
which are median ossifications (not shown in the two figm-es) lying 
in this order (from the posterior extremity) on the inferior aspect 
of the cranium, and the first forming the floor of the foramen mag- 
num^ or aperture by which the spinal cord enters the cranium, and 
the three being collectively known as the basicranial axis. On 

^ In the sequel the figures of the skulls of many reptiles, and more especially 
those of Ickthyesaurm and Notkosaurus^ show the general relations of the bones 
of the skull to advantage. 
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the sides of the basiocdpital we have the two exocdpitals^ formmg 
the lateral boundaries of the foramen magnum, and either alone or 
in conjunction with the basioccipital, the single or double occipital 
condyks^ by which in the higher forms the cranium articulates with 
the atlas vertebra. The bony auditory capsule is composed typi- 
cally of the prootic^ epiotiCi and ^sthotic^ to which in Teleostean 
Fishes must be added the sphenoHc and pkroHc ; but, as will be 
noticed below, some of these bones may unite, when they receive a 
distinct name. The alispkenoids and orbitosphenoids are paired 
bones developed in the trabecular region ; while the single ethmoid 
and the paired turbinals occur in the nasal region. The position 
of the quadrate has been already mentioned. Among investing or 



Fig. 824. — Upper surface of the cranium of a Labyrinthodont Amphibian {Kyranta\ one^half 
natural size, im^ Premaxilla , w, Maxilla ; Nasal ; Lachrymal ,yj Frontal , P/y Prefrontal ; 
Jt Jugal ; QJy Quadratojugal ; rA Opisthotic, OSy Supraoccipital ; Sqy Squamosal; Squy 
Supratemix^ ; Parietal ; /*4A Postfrontal ; PtOy Postorbital. The c^drate would come 
befoW^^ ; the large vacuities are the orbits; and the small aperture in ra the parietal fora- 
men, {After Fritstm.) 

membrane bones, which are of a more or less splint-like structure, 
we have the following paired ossifications, reckoning from before 
backwards, on the upper surface— viz., premaxilla {im\ maxilla {m\ 
nasal lachrymal (Z), frontal {j)y prefrontal postfrontal 
{Ptf)y postorbital {Pto\ parietal (Po)i supratemporal (*%«), and 
squamosal {Sq). In some Dinosaurian Reptiles, as Stegosaurusy 
there appears to be a ^distinct bone above the orbit, which connects 
tht pre- and pOiStfrontal, and may be termed die supraorbital. The 

^ ^ Shown in the skull of Te$iudey figured in the sequel, fig. 1017 a. 
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suprwcc^ital (OS), which, although double in the figured skull, is 
usually a single bone, appears to be developed inferiorly from car- 
tilage and superiorly from membrane ; it usually forms the upper 
border of the foramen magnum, and is not unfrequently produced 
posteriorly into a long spine. On the lateral aspect of the cranium 
are placed the ju^a/ (/), and quadratojugal (QJ), which connect 
4 he quadrate with the maxilla; while inferiorly (fig. 825) we may 
have a median splint-like parasphenoid (Ps), and always a single or 



Fig. 8an. — Under or palatal view of the cranium represented in fig. 824. Vomer ; Pala- 
tine ; Pt^ Pterygoid ; (? 7 , Quadratojugal ; Ps, Parasphenoid. (After Fntsch ) 


paired zft?/ner ( V), and the paired pterygoids and palatines (P), 
The two latter, it may be observed, are developed upon the primi- 
tive palatopterygoid bar; while the parasphenoid, when present, 
underlies the basicranial axis, and if largely developed, as in Teleos- 
tean fishes and Amphibia (fig. 825), seems to take the place of 
the basi- and presphenoid. 

In the cranium of which an upper view is given in fig. 824 the 
whole of the region behind the orbits is completely roofed over by 
bone, so that a secondary roof is thus formed above the roof of the 
much smaller brain-case which lies within. In most Reptiles there 
are, however, vacuities or fossse in this outer roof (as in fig. 826), 
although in the Turtles and the Ichthyosaurs (fig. 1024) this roof 
persists. In fig. 826 the upper-lateral vacuity is termed the supra- 
temporal fossa^ and is bounded below by the superior temporal (or 

VOL. n. B 
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^j»o»i<w^prefront^^ arcade formed by the squamosal, postorbital, 
postitontal ; while the lower or infratemporcd fossa is bounded 
superiorly by the last-named arcade, and below by an inferior tern- 
poral (or quairatihmaxillary) arcade^ formed in most Reptiles (fig, 
826) by the quadrate, quadratojugd, jugal, and maxilla. In the 
Mammalia (where it is usually termed the s^gomatic arch) we find, 
however, a single arcade formed by the squamosal, jugal, and max- 
illa, and a similar arcade, but with the apparent absence of the 
jugal, occurs in many of the Anomodont Reptiles. This may be 
termed the squamoso-maxillary arcade. In many Sauropsida, when 
a postorbital or postfrontal is developed, these two arcades are 



Fie. 836.— Right lateral aspect of the cranium of The lower vacuity 

on the left is the infratempor^ fossa, bounded below w tfe# Iwmor, and above by the superior 
temporal arcade ; the vacui^ above the latter being the |||n^t)»mTOral fofl^ The posterior 
border of the latter fossa is formed by the parieto-squamosaf bar. The quaarate is on the left 
lower comer of the figure. (After GOntber.) 


usually connected behind the orbit by a "process from the for- 
mer articulating with another from the jugal, and thus forming a 
bar or arch which may be termed the postorbital bar or arch. 
Similarly another bar at the posterior extremity of the supratem- 
poral fossa is formed by the quadratojugal (or quadrate), squa- 
mosal (the supratemporal of fig. 824 being absent), and parietal, 
and may be termed the posttemporal^ or parieto-squamosal bar, or 
arch. A third fossa behind this bar is termed the posttemporal 
fossa. It will be observed that these numerous vacuities expose to 
wbw the brain-case lying within these arches or bars ; and there 
seeatis to have been a gradual tendency to open up the completely 
rorfed skull of the Labyrinthodont Amphibia till in the Mammals 
we find, as already mentioned, the squamoso-maxillary, or zygomatic 
arcade, and often a postorbital bar, as the sole remnants of this 
primitive secondary roof* 

It will not be necessary to mention the various neural and vascular 
foramina of the cranium, but it must be observed that on the upper 
^fspcct there are gmfed apertures for the orbits (fig. 826), and either 
P^xied or single ones for the mres (ibid,) ; while l^tween these aper- 
tures there may be the paired preorbital vacuities, which are shown 
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in the figure of the skull of Phytosaurus among the Crocodilia. 
Mention must also be made of the parietal foramen (fig. 824), 
which is a vacuity occurring in the parietals of many Keptiles and 
Amphibians. In several living forms this foramen immediately over- 
lies an aborted median eye embedded in the subjacent tissues, and 
totally functionless ; but it is not improbable that in the Labyrin- 
thodonts and other early forms this eye served the purposes of 
vision. As the attention of the palaeontologist is often directed 
to them, we must also observe that the Eustachian tubes are canals 
connecting the internal ear with the pharynx or gullet. Apart from 
certain minor ossifications which will be incidentally notic^ in the 
sequel, we must also call attention to the periotic and tympanic of 
Mammals, since among the Cetacea these bones are of great im- 
portance to the palaeontologist. Both these boifes are connected 
with the internal ^r, the first resulting from the coalescence of the 
prootic, epiotic, and opisthotic of the lower forms, and containing 
the cochlea of the ear \ while the latter is formed by ossification 
in the tissues around the tympanic membrane, and also occurs in 
some Birds. Finally, the term tympanic ring is a convenient one 
to apply to the bones surrounding the external ear of Reptiles, and 
especially the Chelonia. 

In regard to the Or lower jaw, which we have already 

stated to be faimed by ossifications in the region of Meckel’s car- 
tilage, each half, or ramus (fig. 827), in the Sauropsida and Am- 
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Fig. 827. — Inner view of the left ramus of the mandible of C^ocodilus. Symphysis; 
Dentary ; Splenial ; co^ Coronoid ; dM, Angular ; su^ Surangular ; ar, Articular. Reduced. 
(After Cuvier.) 

phibia consists of the following five ossifications formed in mem- 
brane — viz., dentary (d\ splenial (s\ coronoid {co\ angular {an\ and 
surangular {su). These unite with the articular (ar\ formed from 
Meckel’s cartilage, which articulates by a glenoid cavity with the 
quadrate. In Mammals, however, there is but a single membranous 
ossification in each ramus, which posteriorly articulates by a rounded 
condyle with the squamosal bone of the cranium, there being appar- 
ently no articular ossification, and no distinct quadrate in connection 
with the mandible.^ In the Sauropsida the quadrate articulates 

* See the introductory chapter on the Mammalia (Chapter Ivii.) 
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directly with the periotic region] but in the greater number of 
Fishes the mandible, as already mentioned, is connected with the 
cranium by means of the hyomandibular suspensorium (fig. 823). 

Having now noticed the leading features of the axial, we may 
proceed to an equally brief survey of those of 
the appendicular skeleton. In all the higher 
Vertebrates the limbs are divided into three 
sections — viz., in the pectoral or fore limb 
the arm^ fort-arm^ and the hand or manus ; 
and in the pelvic or hinder limb the thigh^ leg, 
and the foot or pes. The first segment has a 
single bone — ^the humerus of the arm, and the 
femur of the thigh (fig. 828) ; the second has 
• two parallel bones — the radius and ulna in 
the fore-arm, and the tibia and fibula in the 
leg (fig. 828)] while the third segment con- 
tains a number of bones arranged in not more 
than five longitudinal rows (figs. 828, 829), 
with the exception of the Ichthyopterygian 
Reptiles. The bones of the mianus and pes 
are again divisibltf into ^ree sections — viz., 
proximally the carpus of wrist "in the manus 
(fig. 829), and the tarsus or ancle in the pes \ 
mesially the metapodiun{, Gf metacarpus of the 
manus (fig. 829), and .the t^eiatarsus of the 
pes (fig. 828) ; and distally the phalangeals 
(figs. 828, 829) of the digits. With the ex- 
828 —Dorsal aspect ccption of the Ichthyopterygia, where the 
^ivic*^nmb*‘o?’”Se^ci5m. normal digits appear to have divided, in all 
§1^ / kuown forms the number of functional digits 

exceed five; and these are enum- 
(After OwmJ Crated consccutivcly from the radial or tibial 
side, so that the pollex or thumb of the manus, 
aud the hallux or great toe of the pes are always termed the first, 
and the little finger and toe the fifth digits. Except in the hallux 
there are usually not less than three phalangeals in each digit 
of the pes, but their number may be reduced in the manus. The 
bones o( the metapodium correspond in number with the digits, 
and consist of a single transverse row. 

Although, as we have stated, the number of digits in the higher Ver- 
tebrates IS tymeshy five, yet there appears to be considerable evidence 
the number ifai onginaUy seven. Thus in many pentedactylate 
^ b^mmals, and also in some Reptiles and Amphibians, there is found 
on the radial or preaxial border of the carpus or tarsus a small ossification 
* which Dr Bard^eben terms the prepoUex, or prehallux, and regards as 
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the representative of m additional radial digit Similarly the pisiform 
bone of the carpus, which occurs on the ulnar or postaxial oorder, and in 
Mammals is usually described as one of the so-called sesamoid bones, is 
looked upon by the same authority as the representative of a seventh 
digit on the ulnar side* 


It is probable that the carpus and tarsus were originally formed 
upon a common type, which persists in a more or less unaltered 
condition in certain Amphibia and Reptilia (fig. 829). In such a 
generalised type there is a distal row 
of five carpalia (fig* 829), or tarsalia, 
articulating with the metapodials. This 
is preceded proximally by another row, 
consisting of an intermedium^ flanked 
in the manus by a radiate and utnare, 
and in the pes by a tihate and 
fibularey respectively articulating with 
the two epipodial bones of the fore- 
arm (radius and ulna) or leg (tibia 
and fibula). The middle space be- 
tween these Iwio transverse rows of 
bones is occupied by one emirate^ or oc- 
casionally by Septal 0 ntralia, Modifi- 
cations from this type are caused by 
the suppression olv-(jpalescence of some 
of these eleijaentu#" , All the carpals 
and tarsals in^ the Mammalia have re- 
ceived distinct names, which will be 
noticed under the head of that class: - , . 

but It may be observed here that the thepoiiex. (After Gegenbaur.) 
higher Reptiles and Birds agree with 

the former in having two bones in the proximal row of the tarsus 
— viz., the calcaneum on the fibular, and the astragalus on the tibial 



Fig. 829. — Dorsal aspect of the 
r^ht manus of a Chelonian Reptile 
(fkelydre^ ra^ Radius ; u/, Ulna ; 
r, t, «, Kadiale, ulnare, and inter- 
medium ; c, Centrale ; i — $, Carpaha ; 
m, Metacarpals ; /, Proximal phal- 


side. 

The protuberances for muscular attachment at the proximal ex- 
tremity of the humerus are termed tuberositieSy while those of the 
femur are known as trochanters. The latter bone in the Saur- 
opsida may also have an inner trochanter on its shaft for the at- 
tachment of the femorchcaudal muscle ; while in the Mammalia there 
may be a third trochanter for that of the gluteus maximus, as is 
shown in the femur of Rhinoceros represented in fig. 1226. Both 
the humerus and femur have more or less distinct condyles at the 
lower extremity for the articulation of the bones of the fore-arm and 
leg — those of the humerus being often termed trochleas. Above the 
condyles or trochlese the humerus has projecting eptcondyks on 
either side ; and there is frequently a foramen situated above either 
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the outer or inner epicondyle. When placed above the outer or 
radial epicondyle this foramen is termed ectepicondylar^ and when 
above the inner or ulnar epicondyle enUpicondyiar, The proximal 
extremity of the ulna is often produced into an olecranon (fig, 1300), 
which projects behind the end of the humerus. The distal ex- 
tremity of the tibia in certain Sauropsida develops from its anterior 
aspect a ridge or process known as the cnemial crest; while the 
deltoid crest or ridge is a prominence situated below the head of the 
humerus on the radial side, to which the attention of the palaeon- 
tologist is not unfrequently directed. Finally, the patella is a so- 
called sesamoid bone developed in the tendon of a muscle passing 
over the pulley-like surface or trochlea on the anterior aspect of the 

distal extremity of the femur. 

« 

Since the limbs of Fishes differ considerably from the higher type 
of structure noticed above, their consideration may be deferred till 
we come to that class. Before, however, leaving the subject of 
limbs, it should be observed that it is often convenient to allude to 
the corresponding or homologous sides of the fore and hind limbs 
by a single term. If, then, we imagine the limbs extended more or 
less nearly at right angles to the axis of the body (as on the left 
side of fig. 814), with the palm of the hand and the sole of the 
foot directed to the front or ventral aspect, the middle digit of 
each limb will be axiq.1^ when the pollex 
and radius of the pectoral, and the homo- 
logous hallux and tibia of the pelvic 
limb, will be obviously preaxial ; while 
the fifth digit of each limb, together with 
the ulna and the fibula, will be postaxial. 
The whole of the radial and tibial sides of 
the limbs will accordingly be known as the 
preaxial^ and the ulnar and fibular as the 
postaxial border. 

The remaining parts of the skeleton 
comprise the pectoral and pelvic sirdles^ by 
which the corresponding limbs are respec- 
Fig. Sjo.— Lateral aspect of tivcly Connected with the trunk, and of 
^rdk rfa which the relative positions are shown in 
% 8 1 8- The pectoral arch is never con- 
do.; Coracoid; px(tr, Pre* nected by means of ribs with the verte- 
brse, and primitively consists of three main 
>j^F^menofdo.; ^4Gi^d (jones developed in cartilage. On the 
^ dorsal aspect of the body we have the 

tipper bone or scapula (fig. 830, s) ; while on the ventral side there 
tae two parallel bones (fig. 974), the anterior of which is termed 
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the precoracoid (cl)^ and the posterior the coracoid {co). At the 
junction of these three bones there is a cavity for the articulation 
of the head of the humerus termed the glenoid cavity. Such 
is the primitive condition of this girdle ; but in Reptiles the pre- 
coracoid very rarely exists as a separate ossification, although it 
does so among the Anomodonts, where, at least in the young, 
it forms a large plate, uniting below to the upper edge of the cora- 
coid, and entering into the formation of the glenoid cavity.^ In all 
other cases it is, however, completely fused either with the scapula 
or the coracoid. Thus in the Chelonia (fig. 1008) the precoracoid 
retains its primitive form and condition of a transverse bar, which 
is, however, completely fused with the scapula. In the Lizards, 
on the other hand, this bone has united with the coracoid, of which 
it forms the precoracoidal process (fig, 830, pkcor) — the foramen 
(for) marking the original line of separation between the two bones. 
In Dinosaurs and many other Reptiles the precoracoidal process 
has disappeared, and only the foramen remains; while in the 
Ichthyopterygia even this is wanting. A further reduction occurs 
in the higher Mammals, where the whole of the coracoid has dis- 
appeared as a distinct bone. The coracoid is subject to great vari- 
ation in shape, and may either simply meet its fellow by an overlap- 
ping or sutural junction, or may articulate with the sternum. 

A clavicle, mainly developed from membrane, may be connected 
with the preaxial borders of the scapula and coracoid ; while a 
mesial T-shaped interclavicle (fig. 819), which is also developed 
from membrane, may receive the inner extremities of the two cla- 
vicles, and then usually overlies the upper part of the sternum. 
Finally, there may also be a single or double mesial omosternum 
developed on the ventral aspect from cartilage lying near the an- 
terior extremity of the girdle. An illustration of the position of this 
bone is shown in the pectoral girdle of the Frog, represented in fig. 

974. 

In the pelvic girdle we have three separate ossifications arising in 
cartilage, of which all three usually unite to form an acetabulum 
(fig. 831,^ a, b) for the reception of the head of the femur, or thigh- 
bone. The bone commonly known as the haunch-bone forms the 
dorsal element, and is technically termed the ilium (ibid., II) ; it 
corresponds to the scapula, and usually articulates with the sacrum 
by short ribs ; while in the ventral half we have anteriorly the pubis 
(ibid., P), representing the precoracoid ; and posteriorly the tschium 
(ibid., Is), which corresponds to the coracoid. The two latter bones 

^ This precoracoid appears to correspond with the bone termed epicoracotd by 
Professor Cope, and also the one so named in the Monotreine Mammals. 

* Here the acetabulum is formed by only two bones, and it has been suggested 
that the bone lettered pubis may be really an epipubis. 
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very fiierally meet those of the opposite side in a ventral sym- 
ph3^is ; and when, as is frequently the case, the three bones of 
either side are anchylosed together, an innominate bone results (fig. 

1128 bis). The ischium and pubis 
of the same side may also unite 
inferiorly so as to enclose the 
obturator notch^ which then 
forms the obturator foramn (fig. 
1128 bis) ; while an obturator pro- 
cess of the ischium may form 
a smaller foramen below the 
acetabulum, as in the pelvis of 
CamptosauruSy figured in the 
sequel (fig. 1052). As a rule, 
there is no tendency to a reduc- 
tion in the number of the pelvic 
bones in the higher forms. It 
may be mentioned, in conclu- 
sion, that a median ossification 
at the ventral symphysis of the 
pubis and ischium found in cer- 
tain Edentates has been named the pelvisternum^ and regarded as 
the abdominal representative of the sternum. This appears, how- 
ever, to correspond with the median ossification found in the 
Ungulates (fig. ii28^A), which is generally looked upon merely as 
an epiphysis. The pectoral and pelvic girdles of Fishes are noticed 
in the next chapter. 

It may be well to observe here that genera being purely and simply 
artificial divisions formed for the convenience of classification, it is quite 
unnecessary that they should be of equivalent value in different groups 
of animals. As examples of vertebrate groups in which generic terms 
are used in a wide sense, we may cite the Reptilan order Sauropterygia 
and the Mammalian family Rkinocerotidce ; while as instances where a 
more restricted application is employed, we may mention the order 
Chelonia, and the family Bovidce, The statement we not unfrequently 
hear that such-and-such a form must represent a distinct genns implies 
a total misconception of the import of generic terms. » 
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CHAPTER XLVI. 

CLASS PISCES, 

General Structure. 

The members of the class Pisces, commonly known as Fishes, form 
the first division of Professor Huxley’s Ichthyopsida, and are gener- 
ally characterised by living in water; breathing by branchiae, or 
gills, throughout life ; having the heart furnished with a single ven- 
tricle and auricle (atrium); having the limbs, when present, in the 
form of fins ; being provided with unpaired median fins supported 
by fin-rays ; and by the skin being either naked, or covered with der- 
mal scales or bony scutes. There is no amnion or allantois devel- 
oped in the embryo, and the reproduction is nearly always oviparous. 
Certain forms do not, however, exhibit all the above features, and 
the relation of the more generalised Fishes to the Amphibia is very 
intimate. The peculiar system of mucous canals and the lateral 
line are highly characteristic of Fishes, although they are not 
invariably present. 

Before noticing such features as are of especial importance to the 
palaeontologist, it will be convenient to mention that according to 
the arrangement adopted in this work the class is divided into the 
following six orders — viz., Cyclostomi, Elasmobranchei, Chimeroidei, 
Dipnoi, Ganoidei, and Teleostei, of which the salient features will 
be noticed in the succeeding chapter. Dr Gunther has, indeed, 
proposed to bracket together the second, third, fourth, and fifth 
orders as a subclass under the name of Palaeichthyes, ranking as 
equivalent to the Cyclostomi and Teleostei. Professor Huxley, Dr 
Traquair, and others have, however, shown that the Ganoidei are so 
intimately connected with the Teleostei, while the Elasmobranchei, 
Chimeroidei, and Dipnoi differ in so many respects among th^v 
selves and from the former, that such a grouping does not appear 
consonant with their true relationship. 

Another scheme, proposed by Professor Cope and adopted by 
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Mr Smith - Woodward, is to brigade the Teleostei and Ganoidei 
together in a subclass under the name of Teleotomi, with ordinal 
divisions differing somewhat from the subordinal ones employed 
below, and to raise the Diprmi, Chimeroidei, Elasmobranchei, and 
Cyclostomi to the rank of subclasses, with the concomitant eleva- 
tion of their respective suborders to the rank of orders. It seems, 
however, scarcely to harmonise with the divisions adopted in the 
other classes of Vertebrates to regard a group like the Chimeroidei 
as a subclass, and accordingly the view of Professor Huxley is 
provisionally followed of regarding the Elasmobranchei and Chi- 
meroidei as divisions of ordinal value. 


Although the body in all Fishes must be adapted for progression 
through the water, yet there is an enormous range of variation in its 

contour among the differ- 
ent groups, as we may ob- 
serve when we contrast a 
Lamprey, a Shark, a Flat- 
fish, a Ribbon-fish, and a 
Globe-fish. The dermal 
structures termed scales. 


will/ 1 


which are so characteristic 
of Fishes, present many 
types of structure. In the Teleostei they usually form thin plates, 
frequently marked by concentric lines and not formed of true bone. 


When the posterior margin is simple 
(or entire) such a scale is termed cycloid 
(fig. 832), but when denticulated, cten- 
oid (fig. 833). Other examples of this 
type are shown in figs. 834, b. In 
many Ganoids and a few Teleosteans 
j. yx the scales are much thicker, and consist 
111 i 1 ^ variety of true bone covered exter- 

I M M enamel-like substance 

lyByPl termed gamine. Such scales, of which 
^1^ I ^ specimens are shown in fig. 834, e, and 

i 11 H termed ganoid; they are 

^ UpJi arranged in oblique rows, and connected 

Fi*. «34— . Cycloid «ai. of Pike t°8®ther by a peg-like projection, their 
Etox); 4 Ctenoid scale of Perch shape being oblong. Scales of ganoid 
mScm; structure may, however, be much thin- 
and resemble the cycloid type in 
their contour and their imbrication. 


(Sfua^rma); Otuiotd scales of Palo- 
oM£$cm* a and b enlaived* 


l^ly, the bony 'derinal scutes or plates, frequently armed with a 
sj^e, which occur in the skin of the Sharks and Rays (fig. 834, 
d), axe strictly comparable in structure to teeth, consisting of 


GENERAL STRUCTURE, 


913 


a cap of enamel underlain by dentine and supfported on bone. 
Allied to these are the calcified scutes of the Colfer-fishes {Os- 
traaon\ File-fishes {Baltstes), and Sturgeons {Acipenser), to all 
of which structures the term placoid scales was formerly applied. 
A characteristic feature in the Teleostei is the 
presence of a series of perforated scales run- 
ning along the side of the body, known as the 
lateral line^ the canal of this line being apparently 
in part connected with the supply of mucus, and 
acting partly as a sense-organ- The modified 
scales of this line may be larger or smaller than 
those of the rest of the body, or may be the only pig. 835.— Ganoid «waie. 
ones present A lateral line is also found in some 
Ganoids and in certain Elasmobranchs, as welUas in the Chimer- 
oids. A series of large V-shaped scales found on the borders of the 
fins of many Ganoids are termed fulcra. The dermal fin-rays are 
peculiar to the present class, and are shown in figs- 836, 837. They 



Fig 836. —Reduced left lateral view of the skeleton of the Perch {Perea), a. Premaxilla; 5 , 
Maxilla; c. Mandible; Orbit; e, Supraoccipital ; yC Preoperculum; Vertebrae; A, Pec- 

toral fin ; /, Pelvic do. ; k, /, First and second dorsal do. ; m. Anal do. ; «, n', Caudal do. The 
bones between k and / and the vertebrae are the intcrspinals. 

occur both in the paired pectoral and pelvic fins, and also in the 
median dorsal^ caudal^ and anal fins. In Elasmobranchs these fin- 
rays are horny; but in the Teleostei (fig. 836) they are bony, and 
generally split up into filaments at the extremities (/), although they 
may be pointed {k). In Teleostei they generally consist of two 
closely applied parts, diverging at the base to articulate in the 
median fins with the interspinous bones of the endoskeleton, and 
in the paired fins with the distal limb bones. In Elasmobranchs 
the interspinals are represented by the so-called radial cartilages 
belonging to the true endoskeleton. 

In Teleosteans and Ganoids the anterior rays of the dorsal and 
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pectoral fins may developed into huge dermal spines, which in 
some cases articulate by a complete shackle-joint with the basal 
bones. Similar spines are also developed in the Elasmobranchei 



Fig. 837. — Left lateral view of the Perch (Perea). 0, Gill-cover, with gill-^lit behind it ; Pec- 
toral fin ; Vf Pelvic do. ; df Ftrst dorsal do. ; Second dorsal do. ; /, Lateral line. Reauced 

(fig.^838) ; but here they are simply inserted into the flesh, or are 
attached only by cartilage, so that their basal end is rounded off. 
Similar spines (fig. 838, i) may also occur behind the head. Such 








Fig. 838.-«'Sjpikes and teeth of Elasmobranchei. x. Nuchal spine of Pleuraamihus ; s, Fin- 
spine of C^raeOHihmt; 3, Do. of Ctinacanthus ; 4, Tooth of Petal0dt4s; 5, JDo. of Psammodus; 
6, Do. of Chn0pty€kim* CarbonHerous. x-3 ave reduced* 

spines when fossil are frequently known as ichthyodorulites^ 

and impoitant objects to the palaeontologist. Their structure 
w identfead witfi that of ihe so-called placoid scales and of teeth, 
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there being a central pulp-cavity, surrounded a layer of dentine 
or vasodentine, which is covered with enamel. 

The teeth of Fishes present a greater amount of variation than is 
found in any other gkss. They may be entirely absent, or may be 
present on all the bonej of the mouth, and also on the hyoids and 
branchial arche«» while they may be attached merely to the mem- 
brane of the qiotit}H:avity. Very frequently they are attached by 
anchylosis to underlying bone or cartilage (fig. 838), but they 
may be implanted in distinct sockets or alveoli. The dentine is usu- 
ally distinguished from that of the teeth of higher Vertebrates by its 
greater vascularity. The coating of enamel is 
generally very thin ; but it is more developed 
in the cutting-teeth of Sargus, Occasionally 
{Dendrodus) radiating prolongations of the pulp- 
cavity may penetrate the dentine from the centre 
to the periphery, thus producing a structure like 
that of the teeth of the Labyrinthodont Am- 
phibians. There is generally a constant renewal 
of the teeth of Fishes during the whole of life ; 
but occasionally one set persists. 

Turning to the endoskeleton, and commenc- 
ing with the vertebral column, we find that the 
vertebrae can only be divided int« a trunk and 
a caudal series, and that there is a gradual pro- 
gression in respect of ossification from the lowest 
to the highest forms. Thus, in the Cyclostomi, 
the notochord persists throughout life, and is 
generally unsegmented, although rudimental 
neural arches and spines are developed in Fet- 
romyzon. The vertebral column of the Carti- 
laginous Ganoids is very similar to that of the 
latter; but in Bony Ganoids, Elasmobranchei, Fig. 839. -Anterior as- 

and Teleostei paired cartilages, arising both 
above and below the notochord, gradually sur- Neural spine; «a, Neu’ 

j.i r 4. t u- i ral arch ; a, Articular pro- 

round It, and thus form strongly amphicoelous ces-^es ; Aa. Haimal arch ; 
vertebral centra. In the Sharks these centra 
exist without arches, but in the other orders 
there are well-developed neural arches; and in the trunk region 
there are also lateral basal processes, which in the tail unite inferiorly 
to form a haemal arch for the caudal artery, and develop a haemal 
spine (fig. 839). There is a great tendency for the neural arches 
to remain open superiorly ; and the only Fish in which the vertebrae 
ar^ not amphicoelous is the Ganoid Lepidosteus, in which they are 
opisthocoeteus. Only in the Chimeroidei and certain iSasmo- 
bmnchei ate there definite articulations between the vertebral 
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column and the cranium; the posterior aspect of the basioccipi- 
tal in other groups forming a cup like that of a vertebral centrum. 
The mode in which the vertebral column terminates posteriorly is 
of considerable importance in classification. The most primitive 




type occurs in the Cyclostomi, Dippoi, and many Ganoids, where 
the notochord continues to the extremity of the body, and is sym- 
metrically surrounded by the caudal fin, as in fig. 840 ; this type is 
known as diphycercaL In the other, or heterocercal type, the notochord 



^ Fig. 841.— 'A, Sword-fish ; b, St^irgeon, to show ma&ked (homocercal) and typical 
h«terocet!cal tail. 


is bent upitar^ owing tp the greater development of the lower as 
compared, to hilf of the tail. This feature may be observ- 

able ejcteradfy, a| Sturgeons (% 84 1; b) and Sharks ; or may 
be tioskeid, as lfa*tiie”lnajority of Teleostean Fishes (fig. 841, a), by 
the symiaetrkaj‘'|tnangement of the fin-rays. The skeleton (fig. 
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Vertebral column ; «, Tumed-up end ot the noto- 
chord ; A, Hypural bones. 


842) shows, however, the upward bend of the notochord, although 
this is very much less marked in the adult than in the young. This 
masked heterocercal type is sometimes described as homocercaL 
The coalesced haemal spines found in this type of tail are known as 
hypural bones 842, h\ 
while the ossified dlctremity 
of the notochord is termed 
the urostyle. 

The skulls of ‘Fishes^it^re- 
sent variationj^ in regard to 
theii: degreS Jpf ossification, 

.analogous to those Obtaining 
in the vertebral columO. The 
general structure of the pri- 
mitive cartilaginous skull has 
been Already indicated in 
Chapter xlv. (fig. 822), but 
we must here glance briefly at certain bones developed in the more 
specialised forms which are peculiar to the class. Thus, taking as 
an example the skull of a Teleostean Fish (fig. 843), where the 
primitive cranium is 
concealed "by the de- 
velopment of investing 
bones, we find two 
peculiar ossifications in 
the auditory region 
known as the pterotic 
iibid,^ Pte\ which is 
considered to repre- 
sent the squamosal and 
opisthotic of higher 
Vertebrates, and the 
sphenotic (ibid.^ Sph)* 

A large parasphenoid 
is always present infe- 
riorly (fig. 844). The 
intervention of the hy- 
omandibular and sym- 
plectic (figs. 823 and 

843) between the quad- 
rate and the squamosal 
region has been already 

mentioned in Chapter xlv. as peculiar to Fishes (although it is by no 
means universal in the class); 'and we must also mention that, in 
addition to the normal palatine and pterygoid bones developed 


IP 

jLi 

' I 


23iup- 



_ 3.-— Left lateral view of the skull of a Trout {Salmo). 
Epy "Epiotic ; Pte^ Pterotic : Sph, Sphenotic ; Os, Simra- 
occipital ; /% Parietal; F, Frontal; Sp.eth, Ethmoid; Oan, 
Aperture of olfactory nerve ; A7, Nasal ; Pmx, Premaxilla ; 

Maxilla; fg. Jugal; Ms, Mesopterygoidj 
Metapterygoid; 0^0, Suborbitals ; 
f, Symplectic ; Qu, Quadrate ; Pr, 
suboperculum ; Op, Operculum ; a 
A r, Articular; De, Dentary; A, eye. 


Hm, i^yomandibul^j 
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round the cartilaginous palatopterygoid bar, there occur in Teleostei 
the mesa- and metapterygoid (fig. 843, Ms^ Mtp). In the same class 
the orbital region likewise develops a series of membrane-bones 
round the eye, forming the suborbitais or orbital ring {ibid.^ <7, o\ 
while the gill-cover or operculum (of which the first trace is found in 
the Chiraseroids in a fold from the hyomandibular overlapping the 
first gill-slit) is formed by the preopercular^ opercular^ subopercular, 
and infraopercular (ibid,^ Pr^ Op^ Sop, Iop\ which are broad, scale- 
like membrane bones. In the branchiostegal membrane^ which 
unites with the gill-cover in closing the branchial chamber, there 
is developed a number of branchiostegal rays (fig. 843, BsS^ and 
fig. 844, bo)) but these may be partly or entirely replaced by 



Fig. 844. — Right side of the cranium proper of a Perch, together with the hyoid and bran- 
chial arches, and the pelvic girdle. Stylobyal ; M, Epihyal ; cA, Ceratohyal ; bh^ Basihyal ; 
gk^ Olossohyal ; (jrohyal ; bo. Branchiostegal rays ; cby Ceratobranchial ; eb, Epibranchial ; 
gTy One of the “gill-rakers” of the first branchial arch; Parasphenoid j w, Sugraoccipital ; 

Posttemporal ; sc/, Supraclavicular ; c/, Clavicular ; The two pieces of ♦^he postclavicu- 

lar ; jc, Scapula ; cc, Coracoid. 


jugular plates, occupying the space between the rami of the man- 
dible. The hyoid arch (fig. 844) is attached to the inner side of 
the hyomandibular by a stylohyal (ih'd., sh), articulating inferiorly 
with the (/A), and the latter with the large ceratohyal (cK) ■, 

the two latter carrying the branchiostegals. The inferior part of 
this ttich is formed hff the basihyal (bh), from which the glossohyal 
extends fbrwar^ into the tongue, and posteriorly articulates 
with the first of the mdiranehioUs, mentioned below. The urohyal 
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(uh) is a vertically-compressed median bone, extending backwards 
from the basihyals. Behind the hyoid arch occur the branchial 
arches^ the first of which consists of a median basibranchial^ and 
laterally from below upwards of a hypobranchial^ ceratobranchial 
(fig. 844, cb\ epibranchial {eb\ and pharyngobranchtal. The latter 
bones in the second and third arches are called superior pharyngeals^ 
and generally carry teeth. Finally, the gill-rakers (fig. 844, gr) are 
spine-like bones attached to the inner margins of the branchial arches. 

In the mandible there is usually (fig. 843) 
a dentary and articular piece \ but an angu- 
lar, and more rarely a splenial or coronoid, 
may also be present. 

In the appendicular skeleton, we find the 
pectoral girdle of Ganoids and Teleosteans 
consisting inferiorly of the primary cartila- 
ginous elements corresponding to the scap- 
ula and coracoid (fig. 844, x<r, co\ and 
superiorly and laterally of a secondary chain 
of bones developed from membrane, and 
articulating superiorly with the pterotic 
region of the skull. The bones of this 
secondary chain are named from above 
downwards posttemporal (fig. 844, //), su- 
praclavicular {scl)y clavicular {cl\ and a 
postclavicular of two pieces (pcr)\ while 
there may be also an infraclavicular be- 
low the clavicular. In Elasmobranchei 
only the cartilaginous primitive girdle is 
developed ; while in Dipnoi the girdle 
is of very peculiar structure, and some- 
what intermediate between that of Elas- 
mobranchei and Teleostei. The pelvic 
girdle is generally wanting ; but in the 
Dipnoi there is a median cartilaginous 
plate, with anterior and posterior paired 
processes, of which the former are iliac, 
and the latter give attachment to the hind 
limbs. Elasmobranchs generally show a Fig. 84$.— skeleton of the left 

j 1 • r .1 • . pectoral hmh of Ceratodus. Ke- 

degenerate pelvis of this type. duced. (After Gunther.) 

The pectoral and pelvic limbs, or fins, are 
so similar in structure that they may be considered together, 
although the development of the latter is less specialised than 
that of the former. No representatives of fhe arm and fore-arm 
of the higher Vertebrates can be detected in Fishes, the basal and 
radial bones or cartilages articulating directly with the pectoral 
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girdle. In the Dipnoi, and especially in Ceratodus^ the pectoral 
(fig. 845) and pelvic fins are supported by a cartilaginous, median, 
segmented axis, bearing jointed radii on the dorsal and ventral 
borders — ^these radial cartilages being terminated by homy dermal 
fin-rays ; and the dorsal radii (left side of figure) being more numer- 
ous than the ventral. This type of fin, which also occurs in the 
Ichthyotomous Elasmobranchei, is known as the archipterygium. 
From this slightly unsymmetrical type of fin that of existing Sel- 
achian Elasmobranchs (fig. 846) may be derived by the gradual sup- 
pression of the ventral series of rays, and the development of the 
dorsal, which has now become lateral. Basally the jointed radial car- 
tilages articulate proximally with the pro-^ meso-y 
and metapterygium, which in their turn are at- 
tached to the pectoral arch, and the latter of 
which corresponds to the basal axial cartilage 
of the fin of Ceratodus (fig. 845). In the 
pelvic fin of the Selachians the mesopterygium 
is absent, and the propterygium more or less 
rudimentary. This type of fin is known as the 
ichthyopterygium. The fins of Ganoids and 
Teleosteans may be derived from the Selachian 
type; but the primary cartilaginous skeleton is 
reduced, and a secondary one developed by the 
introduction of membrane bones. 

Before leaving the structure of Fishes, men- 
tion must be made of the otoUthSy which are 
small, rounded, elliptical bodies, usually with one 
convex and one concave side, lying in the tympanic sac, and com- 
posed of both calcic carbonate and phosphate. These bodies have 
been carefully studied by Dr Koken, and several genera identified 
by their evidence in a fossil state. 

As regards their distribution in time, Fishes being the lowest 
class of the Vertebrata, it would naturally be supposed that they 
were the earliest representatives ; and this appears to have been the 
case. The earliest known fishes in Britain belong to the Ganoid 
group Placodermatay and occur in the Lower Ludlow group of the 
Silurian ; while the Elasmobranchei were represented in the topmost 
group of the same series. In the Devonian and Carboniferous 
periods Fishes become abundant; but all the forms from these 
horizons, and up to the Cretaceous, belong to the Elasmobranchei, 
Chimaeroidei, Dipnoi, and Ganoidei — the specialised Teleostei not 
making their appearance, so far as we know with certainty at present, 
till the Cretaceous, The Ganoids of the suborder Amioidea ap- 
jwoximate, however, so closely to the Teleostei, that it has been a 
question whether some of the members of the Jurassic family Lepio- 



Fig 846. — Skeleton of 
the left pectoral hmb of 
the Monkhsh (Sguaitna). 
/, Pro*; ms^ Meso-; mt, 
jMetapterygmm. Much 
reduced. 
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lepididcs^ which are usually placed in the former, should not be 
transferred to the latter group ; and we may thus confidently expect 
to find a complete transition between the two. Although many of 
the Cretaceous Teleostei are more or less closely allied to existing 
types, it is not until the Eocene that we find a fish-fauna compar- 
able to that of the present day ; and we may note that the resem- 
blance of the fishes of the Eocene to those now living is in marked 
contrast to what obtains in Mammals, where the majority of Eocene 
genera are extinct. The persistence of some genera of Fishes 
throughout long geological epochs is indeed a noteworthy cir- 
cumstance, and is nowhere more marked than in the case of 
Ceratodus, which has lived on continuously from the Triassic period 
of Europe, and also from that of certain Nortl^ American beds, 
which are usually referred to the Permian. 

In regard to the origin of the various orders of Fishes, it is pretty 
evident that the Teleostei were derived from the Ganoidei, and that 
the Dipnoi were closely related to one branch of the latter. The 



phylogenetic relationship of the Ganoids to the Elasmobrancheans 
is, however, still unsettled, although recent researches tend to show 
a close connection between the more primitive and least specialised 
groups of the two orders. Palaeontology has not, indeed, yet taught 
us from what group of animals these primitive Ganoids and Elasmo- 
branchs were themselves derived. It has, however, been suggested 
by Professor Cope that the Placodermoid Ganoids were closely re- 
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lated to the Ascidian Invertebrates ; and if this suggestion should 
prove well founded, it would seem to indicate that the group men- 
tioned is closely allied to the real ancestors of the class. Possibly, 
however, these ancestors are to be sought in another direction, since 
it has been thought that minute tooth-like bodies found in beds 
ranging from the Upper Cambrian to the Carboniferous, and known 
as Conodonts (fig. 847), are really the teeth of Fishes. It was con- 
sidered probable at one time that these curious fossils, which rarely 
exceed two millimetres in length, might be teeth of extinct members 
of the Cyclostomi ; but their internal structure is so different from 
the teeth of the existing forms of that order, that if they belong to 
Fishes at all, they must apparently indicate an extinct division. A 
great variety of forms of these Conodonts have been described, and 
have received distinct generic and specific names. It is the opinion 
of some authorities whose judgment is entitled to great considera- 
tion that these fossils should be regarded as the jaws of Annelids ^ 
or Trilobites; but the question as to their real nature must be 
regarded as still undecided. 

’ Vide supra^ vol. i. p. 480. 



923 


CHAPTER XLVII. 

CLASS PISCES — continued. 

9 

Orders Cyclostomi and Elasmobranchei. 

Order I. Cyclostomi. — The Cyclostomi, which include the 
Hag-fishes (Myxine and Bdellostoma) and Lampreys (Petromyzon) 
being at present unknown in a fossil state, require no further notice 
in the present work. 

Order II. Elasmobranchei. — This order, which is also known 
under the name of Chondropterygii, includes a peculiar extinct 
group termed the Ichthyotomi, together with the modern Sharks, 
Dog-fishes, Saw-fishes, and Rays, collectively constituting the Se- 
lachii, and all of which are t)q)ically of marine habits. For palaeon- 
tological purposes this order may be characterised as follows : The 
skeleton is invariably cartilaginous, and membrane bones are, with 
some possible exceptions, absent in the skull ; the vertebral column 
is, however, generally divided into distinct segments, of which the 
centra may be marked by a calcification differing in structure from 
true bone. In the skull, which may be either movably or immov- 
ably connected with the vertebral column, the palatopterygoid bar 
and hyomandibular suspensorium are never fused with the cranium. 
When an exoskeleton is developed, it consists of small dermal gran- 
ules, of which the structure is the same as that of teeth. In all 
existing forms the optic nerves simply cross one another, without 
any interlacing of their component fibres ; the bulbus arteriosus of 
the heart has three series of valves ; the intestine is furnished with 
a spiral valve j and the ova are of large size and few in number. 

A few words may be said explanatory of some of the above-men- 
tioned and other features in existing forms before proceeding to the 
systematic part. In all forms, as already mentioned, there is a 
separate suspensorial arrangement articulating with the cranium, to 
which the mandible is attached ; this structure being termed hyosty- 
lie. Usually there is a hyomandibular suspensorium iijCervening 
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between the cranium and the palatopterygoid bar ; but in NoHdanus 
(6g, 86 1 ) the hyomandibular element takes no share in the support 
of the mandible, and the palatopterygoid articulates directly with 

the cranium ; this probably being 
the primitive type. The gills (fig. 
848) are attached to the skin by 
their margins; while they usually 
communicate with the exterior by 
five apertures, or clefts, which may 
be very rarely increased to six or 
seven. The mouth is very gener- 
ally situated on the inferior aspect 
of the body (fig. 849), and is fur- 
nished with numerous teeth carried 
on the palatopterygoid bar and 
Meckel's cartilage (fig. 861). These 
teeth may be either sharp and separ- 
ate, or articulated together so as to 
form a more or less pavement-like 
structure; and in the former case 
there is a continuous succession of 
new teeth developed from behind 
as the old ones are worn out. Both 
median and paired fins are present ; 
the position of the pelvic pair being 
always abdominal. In all existing 
forms the skeleton of the limbs 
forms an ichthyopterygium (fig. 
846) ; but in the Carboniferous and Permian Ichthyotomi there 
is either a uniserial or biserial archipterygium, like that of the 
Dipnoi. The posterior termination of the vertebral column is gener- 
ally heterocercal, with the upper lobe of the caudal fin greatly elon- 



Fig. 849.— Spiny Dog’fUh (Acaft^Ai'as). Reduced. 


gated (fig. 849). The spines frequently borne by the dorsal fins 
and in the nuchal region, constituting the so-called ichthyodorulites, 
have their bases simply embedded in the flesh, and are consequently 
immovable. There is no swim-bladder. The term spiracles is ap- 



Fig. 848 —Diagram of one side of the gills 
and gill 'pouches in a Selachian ; the arrows 
indicating the direction of the currents. 
ba 1-5, Branchial arches transversely di- 
vided ; bc^ Branchial pouches , gs^ External 
nil-slits ; 4, Septa between pouches ; br^ 
BTanchi<c. 
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plied to apertures connected with respiration found on the upper 
aspect of the head ; while the intercalary cartilages are ovoid or 
diamond-shaped structures occurring between the neural arches of 
the vertebrae. 

Mr Smith-Woodward observes that a gradual advance in the de- 
gree of calcification of the axial skeleton may be observed as we trace 
the members of the order from the Palaeozoic upwards, the oldest 
forms not having the notochord differentiated into distinct vertebral 
centra, of which we find the first complete types in the Lower Liassic 
Falceospinax, Here, however, the centra merely assume the form 
of double cones, only very slight traces of the peripheral calcifica- 
tions necessary to form the biconcave centra of the later types being 
visible. In the Lower Kimeridgian lithographic stone of the Con- 
tinent, centra of the complete asterospondylic type ^e first met with. 

The same authority mentions that the Palaeozic types are, as a 
rule, characterised by the great development of the exoskeleton, 
although a few forms like Pleuracanthus appear to have had naked 
bodies. These early dermal structures are also noticeable for their 
elaborate sculpture, this being equally developed on the dermal 
granules (shagreen), and on the fin and cephalic spines. Smooth 
fin-spines appear to be very rare in the Palaeozoic, and it is not till 
we reach the Upper Trias and Lias that spines completely covered 
with smooth ganoine are met with. 

In regard to the teeth, Mr Woodward observes that “pointed 
teeth and obtuse teeth occur among the earliest Elasmobranchs ; 
but the former as well as the latter are firmly articulated together, 
and must always have formed part of a dentition in which several 
series were functional. Though the teeth of Cladodus and Diplo- 
dus [Pleuracanthus^ are as sharply pointed as those of most recent 
Sharks, the piercing crown is placed upon a broad horizontally- 
expanded base, permitting of a considerable amount of interlock- 
ing between one tooth and another — an arrangement most nearly 
paralleled in the surviving Chlamydoselache. It is evident, indeed, 
that all the modern types of dentition, in which not more than one 
or two series of teeth are simultaneously functional, are highly speci- 
alised modifications of this primitive arrangement ; and the change 
results from the deepening and lateral compression of the root of 
each tooth, rendering its base of support less fixed, and often not 
permitting its coming into use until after attaining the summit or 
passing the outer side of the jaw-cartilage. 

“ With regard to the disposition of the teeth in the mouth as a 
whole, the modern Rays — most Scylliida and Cklamydoselache — may 
be looked upon as retaining the most primitive arrangement. In 
the predaceous Sharks there has been a tendency towards the rela- 
tive enlargement of the prehensile teeth upon the symphysis 5 while 
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in the Cestradont Sharks the sjmfiphysial teeth have become small 
though prehensile, and the lateral teeth well adapted for trituration. 
The former arrangement is particularly characteristic of modern 
times ; the latter, it is interesting to note, attained its maximum of 
specialisation so long ago as the Carboniferous period. In many 
early Carboniferous genera the series of lateral crushing-teeth began 
in part to fuse into continuous plates {Pleuroplax) \ two of these 
plates often amalgamated {Fceciiodus) \ and in the most special- 
ised of these Cochliodonts Deltopty€hius\ all traces of the 
boundaries of the original components of the dental plates became 
obliterated.” 

Suborder i. Ichthvotomi. — This name was proposed by Pro- 
fessor Cope for a group of primitive Elasmobranchs, ranging from 
the Devonian to^the Permian, but perhaps also surviving to the 
Trias, and showing the following characteristic features. The endo- 
skeleton has granular calcifications extending equally throughout 
the cartilage ; the notochord in most, or all, cases is not constricted 
to form distinct vertebrae ; and the calcification of its sheath in the 
precaudal region does not extend beyond that very incomplete stage 
to which the term rhachitomous has been applied — the explanation 
of which is given below under the head of the Labyrinthodont Am- 
phibians. The neural and haemal spines of the vertebrae are long 
and slender, and no intercalary cartilages are developed. Finally, 
the [sectoral fins have a long segmented axis of the archipterygial 
type (fig. 850). 

It may be mentioned here that Dr Koken is indisposed to admit the 
right of the Ichthyotomi to form a group of equal rank, with that em- 
bracing all other Elasmobranchs ; since he regards the primitiv^e fea- 
tures exhibited by the vertebral column, and the nature of the caudal fin, 
as only one degree removed from those found in certain Selachii. This 
writer, indeed, regards the PleuracanthidcB and Cladodontida as so 
closely allied to the NoHdanidcs and Cestraciontidoe {Hybodontida) that 
he would class the whole of these families in a single group, for which 
he proposes the name Proselachit, and in which the Cachliodontidce 
should perhaps also be included. So far as regards the slight import- 
ance from a classificatory point of view of the imperfect calcification of 
the vertebral column, Dr Koken’s views are in harmony \ ith those 
adopted below in the classification of the Labyrinthodont Amphibia. 

Family Pleuracanthid^e. — In this family the body is slender 
and somewhat depressed; the mouth differs from that of all the 
Selachii in being terminal ; while the caudal fin is diphycercal. 
There is a long and low continuous dorsal fin ; while the pectoral 
fin has a biserial arr^gement of rays somewhat after the fashion of 
Cerat0dus, The type genus Fleuracanthus has received an almost 
be\vildering number of name$| of which it will suffice to mention 
Diplodus^ Orthacantkus^ Xenacanthus^ and Didymodus ; some of 
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these, as their terminations indicate, having been applied to spines, 
and others to teeth. 

Recent discoveries have enabled us to attain to a nearly complete 
knowledge of the anatomv of this remarkable genus, and a restoration by 
M. Brongniart of one of the species is shown in the accompanying wood- 
cut The skin was quite naked ; the body elongate, and the snout 
obtuse. The teeth have a thick and depressed root, with a crown 
formed by two unequal comers diverging like a V, with a small denticle 
at the base of the two, and not unfrequently a minute flattened mammilla 
posteriorly. In the male the pelvic fins cany a robust “ clasps.” At the 
top of the head there was a large barbed spine (fig. 852, i), with a double 
row of serrations, and, according to the restoration (fig. 850), supporting a 



Fig. 850. — Restoration of the skeleton of Pleuracantkus Gaudryi; from the Carboniferous 
of France, reduced. (After Brongniart.) 


cephalic fin. In the skull, according to Dr Koken, there was a distinct 
hyomandibular, but the palatopterygoid bar had a direct connection 
with the postorbital process of the cranium, as in Notidanus. Dr Koken 
would slightly modify the structure of the pectoral fin from that given in 
fig. 850. The dorsal fin is of great length, extending backwards as far as 
the diphycercal caudal, from which it is separated by a deep notch. 
According to M. Brongniart^s restoration the anal fin was double, 
and its two divisions had a structure curiously like that of limbs ; 
Dr Koken considers, however, that the restoration is incorrect in this 
particular. Specimens of the figured species attain a length of more than 
a yard. 

In time this genus extends from the Carboniferous to the Lower 
Permian ; while in space its range embraces both Europe and 
North America. Chondrenchelys^ from the Lower Carboniferous of 
Dumfriesshire, which is provisionally referred to the same family, has 
no cephalic spine. Detached teeth from the Keuper of Somerset, 
described under the name of Diplodus^ apparently indicate the sur- 
vival of a form allied to Pleuracantkus in the Triassic period. 

Family CLADODONTiDiE. — The second family of this suborder is 
too imperfectly known to admit of definition ; but it appears that in 
the t57pe genus the pectoral fin had only one series of rays, and was 
thus intermediate between that of Pleuracantkus and the fins of 
the Selachii. The type genus Cladodus had a broad and depressed 
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head, with the teeth arranged in numerous rows. The crowns 
of these teeth present some resemblance to those of the Selachian 
Hyboius (fig. 865) ; consisting of one large cone, flanked on either 
side by one or more smaller cones, of which the outermost is 
generally the largest. This genus is exclusively Carboniferous, and 
occurs both in Europe and North America; a large number of 
species being known. Dicentrodus^ of the Scottish Carboniferous, 
is distinguished by the teeth having only a single lateral cone 
developed on one side. Phosbodus^ of the Devonian of Iowa, is 
an allied genus, with the lateral cones of the teeth at least as large 
as the middle cone ; while in Lambdodus^ of the North American 
Palaeozoic, these lateral cones are totally wanting. In Dicrmodus^ 
of the Carboniferous of both Europe and North America, we have 
a modification o^ the Cladodont tooth, in which the central cone is 
compressed, with the cutting-edges serrated ; while the lateral cones 
may either be two in number, or absent. Finally, the North 
American Palaeozoic genus Hypocladodus differs from the preceding 
by the absence of serrations on the edges of the central cone ; the 
lateral cones being invariably absent. 

Suborder 2. Selachii. — The existing Sharks, Rays, and their 
allies are characterised by the endoskeleton being, as a general 
rule, only superficially calcified ; while, except in some of the earlier 
forms, the notochord is constricted at the centre of each vertebra. 
The neural and haemal arches of the vertebrae are short and stout ; 
and intercalary cartilages are nearly always developed. The pectoral 
fin (fig. 846) has not a segmented axis, being of the ichthyopterygial 
type ; and the axis of the pelvic fin of the male is produced into the 
so-called “clasp>er,” which is connected with reproduction. Some 
of the other features of this suborder have been already mentioned 
at the commencement of this chapter. The Selachians may be 
divided into two sections, according to the structure of the vertebral 
centra. In the one the anal fin disappears, and there is a tendency 
to the depression of the body and the enlargement of the pectoral 
fins, but there is no diminution in the size of the spiracle, and the 
vertebrae, when fully developed, are of the type known as tectospon- 
dylic* In the other section the anal fin persists ; the shape of the 
body is always rounded — not even excessively flattened in the 
Sdiliiday; the spiracle tends to abort, and may be almost or totally 
absent in the most specialised forms; while the fully developed 
vertebrae are of the type known as asterospondylic. The type of 
vertebral centra known as cydospondylic occurs in the immature 
condition of both sections. 

Section a. Tectospondyli. — In this section the vertebral centra, 
when fully calcified, have the concentric laminae predominating over 
those that radiate from the centre. The anal fin is mvariably want- 
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ing ; while specialisation shows itself in the depression of the body 
and the enlargement of the pectoral fins — the spiracles being always 
retained. This section includes the Spiny Dog-fishes, Saw-fishes, 
Eagle-rays, and Rays. 

Family Spinacwm, — In this family, which includes the exist- 
ing Spiny Dog-fishes (fig. 849), we have generalised forms, with the 
body more or less rounded, and but slightly depressed. The teeth 
are pointed ; the pectoral fins are devoid of a notch at their root, 
and are not expanded anteriorly; while the gills are small and 
lateral, and the spiracles large. One fossil species referred to the 
existing Mediterranean genus Centrina has been recorded from the 
Pliocene of Italy ; but this determination is not absolutely certain. 
Acanthias (fig. 849), of which two species are found at the present 
day in the temperate seas of both hemispheres, ocgurs in the Chalk 
of the Lebanon, and also in the Miocene of Wiirtemberg. Another 
fossil form from the Lebanon has been referred to the existing genus 
Centropkorus^ but it may perhaps belong to Acanthias. The exist- 
ing genus Spinax has been recorded from the Italian Pliocene. 
With Scymnus we come to another existing genus, differing from all 
those that precede by the absence of fin-spines. It occurs fossil in 
the Pliocene of Italy, which has also yielded remains referred to the 
allied Echinorhinus. 

Family Petalodontid^e. — ^The Petalodonts form a family ex- 
clusively Carboniferous, presenting the following characters. The 
body was somewhat depressed, while the pectoral fins were large, 
and produced forwards in the direction of the head after the manner 




of the Rays. The teeth (figs. 

851, 852) formed a close pave- 
ment in the mouth, and are com- ^ 
pressed from before backwards, 
with the crown more or less bent 

backwards, and either blunt and 1 

obtuse, or with a cutting-edge, the 

root being often large. In the 

genus Janassa {Ciimaxodus or 

Strigitina\ which is common to 

Europe and North America, the aspect of ^ 

teeth (fig, 851) are so thickened the English Carboniferous. 

and reflected, that the complete 

series forms an almost entirely triturating surface. These teeth are 
arranged in three chief rows, as in the figure, which gradually 
diminish in size anteriorly, and are flanked by one or more smaller 
rows of less thickened teeth. The body is covered with fine sha- 
green. The North American Fissodus has the margin of the crowns 
of the teeth cleft into two or three points ; while in Petalorhynchus^ 


Fig. 851. — Posterior aspect of some of the 
central teeth of JeirMSsa Ungtu^armh ; from 
the English Carboniferous. 
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which is found both in Europe and North America, the teeth are of 
the same general type, but have more compressed crowns, with long 
undivided roots. Again, in Petahdusy which has the same distribution 
as the preceding, the teeth (fig. 852, 4) are much elongated trans- 
versely, and compressed from before backwards — the crown being 
petal-shaped, with a smooth or slightly crenulated cutting-edge. The 
nature of the arrangement of the entire series is, however, unknown. 
The teeth of Ctenoptychius (fig. 852, 6) are distinguished by the 
coarser denticulation of their cutting-^ge — those of Callopristodus 






Fig. 852. — Spines and teeth of Carboniferous Eiasmobranchei. i, Nuchal ^ine of Pleuracan- 
thus lavissiMus; 2, Fin-spine of Gyracanihus ; 3, Do. of Sphenacemthus; 4, Tooth of Petalodus 
acwtwinatus^ seen from the side ; 5, Do. of Ptammodus^ seen from above ; 6, Do. of CUnopty- 
chins. 1-3 arc reduced. 

differing from the latter by the absence of enamel-folds at the base 
of the crown, and also by the nature of the root. It is probable 
that both these genera occur in North America as well as in Europe. 
In P$fyrkizodus {Dactyl 0 dus\ of both Europe and North America, 
the teeth are extremely stout, with low crowns, usually having a 
sharp cutting-edge deymd of crenulations, and a large root divided 
into a number of ro< 5 :!ets. Otl^r allied genera from Europe are 
known as Glossodus and Mesohphodus. 

Family Pristodontida. — This family is only known by the 
genus Pristodus, of the European Carboniferous, in which the crown 
of each tooth is thin, plate-like, and symmetrical, with hollows corre- 
sponding to elevations in the opposing tooth of the opposite jaw. It 
been suggested that each jaw carried only a single tooth. 

Family SQUAxmiDiE. — With this family we come to a group rep- 
resented at the present day by the Monkfish, of which the skele- 
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ton of the pectoral fin is shown in fig. 846 (p. 920). The body is 
depressed, with the mouth placed anteriorly; while the pectoral 
fins are much produced anteriorly, although unconnected with 
the head. The teeth are conical 
and pointed ; and the dorsal fins are 
without spine, and placed on the t^il. 

The only known genus is Squatina 
{Rhind)y which ranges from the 
Kimeridgian upwards to the present 
day; although some of the fossil 
species have been described under 
other names, such as Tkaumas, 

Beautifully preserved skeletons occur 
in the Lower Kimeridgian litho- 
graphic limestones of Bavaria, one 
of which is shown in the accompany- 
ing woodcut. Other species have 
been named from the Chalk of the 
Lebanon and of England, and also 
from the Miocene and Pliocene of 
the Continent ; while detached teeth 
are found in the English Gault, the 
London Clay, and the Red Crag. 

Family PaiSTiDiE. — In the true 
Saw-fishes the body is scarcely de- 
pressed, the pectoral fins are not 
much expanded, and the gill-slits are 
placed inferiorly. The most charac- 
teristic feature is, however, the so- 
called “saw,” which is a long and 
flat calcified prolongation of the 
snout, armed with a series of large 

pointed teeth on either border. Re- g>an of Bavaria, wo-thirf-! raturai gr. 
mains of the single existing genus toral fin ; d, pelvis ; e, PeWic fin. 
Pristis occur in the Middle Eocene 

of Barton and Bracklesham ; in the Middle? and Lower Eocene and 
Micoene of the Continent ; and the Eocene and Upper Cretaceous 
of North America. PropristiSy from the Eocene of Egypt, is said 
to differ by the absence of calcification in that part of the “saw” 
which supports the teeth ; Amblypristis^ of the same beds, has 
shorter and broader teeth than Pristis ; while SclerorhynchuSy which 
may belong to the Pristiophoridm^^ differs in the structure of the 
“ saw,” and the small size of the rostral teeth. The latter family, 
which has lateral gill-slits, may be represented in the Miocene of 
Wurtemberg by a species of the existing Pristiophorus. 
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Family RHmoBATiDiE — With this family we come to Fishes to 
which the general term Rays may be applied; all of them are 
characterised by their extremely depressed bodies and the great de- 
velopment of the pectoral fins, so that the body proper with its fins 
is termed the “ disk/^ The teeth always form a kind of pavement 
(figs. 856, 857). In the present family the tail is long and stout, 
with two well-developed dorsal fins ; while there is also a caudal fin, 
with a longitudinal fold on either side. The disk is not excessively 
developed ; the rayed portion of the pectoral fins not extending to 
the snout. The type-genus Rhinohatis {Spathobatis) is represented 
at the present day by about a dozen species, which inhabit the 
warmer seas, and attain huge dimensions. The snout is produced 
into a long rostrum, which is connected with the pectoral fin by a 
membranous expansion (fig. 854). The teeth are 6btuse; and the 
dorsal fins are devoid of spines. In time this genus ranges from 
the Kimeridgian to the present day ; species being recorded from 
the lithographic limestones of Bavaria (fig. 854) and France; from 
the Portlandian of France ; the Chalk of the Lebanon and Italy ; 
the Middle Eocene of Monte Bolca ; the Miocene of Wiirtemberg ; 
and other localities. The Austral- 
ian Try gonor kina y which differs in 
the structure of the nasal valves, 
is said to occur in the Middle 
Eocene of Italy. Finally, the gen- 
era Belemnobaiis and Asterodermus^ 
respectively from the Kimeridgian 
of France and Bavaria, appear to 
connect the present with the fol- 
lowing family. 

Family Raiid^. — In the true 
Rays or Skates (fig. 855) the 
disk is broad and rhomboidal, 
and usually has dermal rugosities ; 
while the rayed portions of the 
pectoral fins extend to the com- 
paratively short snout The tail 
is also shorter than in the Rhino- 
batida, with a longitudinal fold; 
and the development of the median Britain. (After Gosse.) 
fin is subject to considerable varia- 
tion, The type genus Rata {Actinobatis) has the tail very distinct 
from the body (fig. 855); the pectoral fins not reaching to the 
extremity of the snout ; two dorsals, and either a rudimental or no 
caudal fin. The dentition (figs. 856, 857) often varies greatly in the 
two sexes ; some or all of the teeth in the male being sharp, while 
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all those of the female are obtuse. Some of these Skates measure 
upwards of seven feet across the disk. In a fossil state this genus 
occurs in the Chalk of the Lebanon, and the Upper Eocene of 
Hampshire; and also in the Suffolk Crags and Italian Pliocene, 
where it is represented by the living clavata (figs. 856, 857). 
The extinct DynatobatiSy from the Tertiary of South America, is dis- 
tinguished by the enormously expanded bases and the small spines 



Fig. 856.— Front view of the jaws of the niale Thornback Skate {Raia ctavatd) Reduced 


of the dermal tubercles with which the body is studded. Acantho- 
batisy from the Middle Miocene of France and Wiirtemberg, has tall 

dermal tubercles, with small bases, which often fuse together into 



t tg. 857. — Front view of the jaws of the female Thornback Skate {Ra/a clavata) Reduced 


groups ; while Oncobatis of the Pliocene of Idaho, which has these 
tubercles of a pentagonal form, may be identical with the type 
genus. 

Family ToRPEDiNiD^fi. — The Electric Rays have the disk broad 
and smooth ; the rayed portion of the pectoral fins not continued 
beyond the base of the snout, and the median fins well developed. 
The peculiar electric organ is placed between the head and the 
pectoral fins. Extinct species of the existing genus Torpedo occur 
in the Middle Eocene of Monte Bolca, near Verona. 

Family PsAMMODONXiDiE. — ^This extinct family is known only by 
portions of the dentition, so that its definition is at present impos- 
sible It appears, however, from the parallelism of the mandibular 
rami that the body must have been depressed like that of the Rays. 
The teeth (fig. 852, 5) are of a flattened quadrangular form, with 
the root nearly as large as the crown, and were arranged in one or 
more longitudinal rows, which were arched antero-posteriorly with 
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«ome alternation of the teeth of adjacent rows. The genus Copodus 
h£^ symmetrical teeth, with the posterodateral angles of the root, 
and sometimes also of the crown, produced backwards ; the teeth 
being narrowest in front, with the anterior margin usually either 
straight or convex. The crown surface when unworn is rugose, and 
marked by a more or less transverse line, which sometimes permits 
the two portions to be separated. This genus occurs in the Car- 
boniferous of Europe. In the typical Psammodus the teeth (fig. 
852, 5) are quadrangular, generally more or less oblong, but occa- 
sionally nearly square, with the root much thicker than the crown, 
from which it is easily separable ; the surface of the crown being 
generally marked by transverse wrinkles. It js probable that the 
teeth were arranged in the jaws in four Ipnmudinal rows. Psain- 
modus is represented by a considerable nuidber Of Species from the 
Carboniferous of both Europe and North America. Lastly, ArchcE- 
odatiSy from the Carboniferous of Indiana, is an allied form, with 
very large pavement-like teeth arranged in several rows, of which 
the under surfaces are somewhat excavated to fit the curvature of 
the jaws. 

Family Myliobatid^e. — With the Eagle-rays we come to an exist- 
ing family well represented in a fossil state as far down as the Lower 
Eocene ; vertebrae from Cretaceous and Jurassic beds having been 
also referred to this family. The disk is very large, owing to the 
great development of the pectoral fins, which stop shoit at the sides 
of the head, but reappear at the extremity of » 


the snout in the form of a small single or 
paired cephalic fin. The tail is extremely 
slender, and resembles a whip-lash ; and the 
dentition, when present, forms a complete 
pavement. The type genus Myliobatis has 
the head free from the disk, and a single 
cephalic fin. The teeth are large, flat, and 
hexagonal, and are arranged in seven longitu- 
dinal rows ; the middle row in the adult being 
extremely broad, while the lateral rows are 
lozenge-shaped (fig. 858). In the young the 
middle row of teeth is not larger than the 
lateral ones, and there is a gradual increase in 
the relative breadth of this row as the fish in- 
creases in age. The upper dental plate is ex- 
tremely convex from before backwards, but the 



Fig. 858. — Part of the 
lower dental plate of My- 
hobatis struita-, from the 
Middle Eocene of Biackle- 
ftham, Su'.sex. Reduced. 
The stcond lateral rows of 
teeth are imperfect, and the 
third wanting. 


lower one is quite flat In addition to the 
doubtful vertebrae mentioned above, this genus is known continu- 
ously from the Lower Eocene upwards, and has a wide distribution in 
space. Thus, in the Eocene, it is recorded from Europe, India, and 
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North America ; and it has also been described from the Tertiary of 
New Zealand. A very large number of specific names have been 
applied to the fossil forms, but Mr S. Woodward has shown that the 
number of valid species may be greatly reduced, since many of the 
characters on which they were founded are solely due to differences in 
the age of the specimens. In I^hinoptera {Zygobates\ while the head 
is still free, there are two cephalic fins, and the teeth are arranged in 
five or more rows, of which the middle series and the adjacent pair 
are broad, while the one or two pairs on the borders form regular 
hexagons. This genus is known from the London Clay, the Eocene 
of South Carolina, the Swiss Miocene, and the English Crag, and is 
now represented by seveh species from tropical and sub-tropical seas. 
The existing genus AUtobatis is distinguished from the preceding 
by the teeth befhg arr|nged in only a single longitudinal row, which 
is often bent, and corresponds to the median row of Myliohatis. 
One species is found from the London Clay to the higher Eocene 
of Barton, and the genus is also represented in the Swiss Miocene. 
The existing genus Ceratoptera has no upper teeth. 

In this family may be provisionally included the Cretaceous genus 
Ptychodus^ which was long considered to be a Cestraciont Shark, 
but has been shown by Mr Smith-Wood- 
ward to be a Ray allied to Myliobatis, 
The connection between Ftychodus and 
the existing MyliobaHda is shown by the 
genus Apocopodofiy from the Upper Cre- 
taceous of Brazil, which has teeth of an 
intermediate type ; while some of the 
Eocene species of Myliobatis have teeth 
of nearly the same form as those of 
Ftychodus. The teeth of this genus (fig. 
859) have quadrangular crowns, with the 
enamel of the central region thrown 
into a number of transverse folds, while 
the root is smaller and lower than the 
crown. The two sides of e'^ch jaw are 
parallel to cme another, and the teeth are 
arranged in several parallel rows running 
from back to front, as is shown in the 
accompanying diagram (fig. 860). It will be 
seen, moreover, that each jaw has a single 
median series, composed of very small teeth in the upper, and 
of very laige ones in the lower jaw \ while on either side of this 
median row there is a series of teeth somewhat less large than 
the median row of the lower jaw. The five external rows gradually 
decrease in me towards the outer side of the jaws. A comparison 



Fig. •— Oral and lateral 
views of tne crown of a tooth of 
t^ty^odut pplygyrust from the 
Upfxtr Greensand of Regens- 
burg. (After Zittdl.) 
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with fig. 858 will show that the general plan of this arrangement 
of the teeth is essentially the same as in Myliobatis, This genus 
has a wide distribution, being 
found in the Upper Cretaceous 
of Europe, India, and North 

Family Trygonid/e:. — In this 
family the pectoral fins 
to the extremity of the muzzle, with 
which they confluent. The 
tail slender, and sharply distin> 
guished from the disk; while the |||||||||||||H 
vertical fins are imperfect or ab- ^ 

sent, and may be replaced by of ihete^liinthetpper (A)andlower (u) 

^ Current. (After S. 

serrated spines. There is some Woodward.) Reduced, 
uncertainty as to the occurrence of 

Trygon in a fossil state, but it is probable that either this genus or 
the allied TcRtiiura date from the Middle Eocene of Monte Bolca, 
and remains referred to the former have been described from the 
Upper Cretaceous of New Zealand. The extinct Xiphotrygon^ from 
the Eocene of Wyoming, is distinguished by its cuspidate teeth. 
Remains referable to the existing tropical genus Urolophus occur in 
the Middle Eocene of Italy, and perhaps in that of Belgium ; while 
Cydobatis is an extinct genus from the Cretaceous of the Lebanon. 

Section B. Asterospondyli. — This section is distinguished from 
the last by having the radiating laminae predominating over the con- 
centric ones in the fully calcified vertebral centra, so that a section 
shows a star-like arrangement The anal fin is always present; 
while specialisation does not tend to a flattening of the body, or to 
an expansion and forward growth of the pectoral fins, and the spir- 
acles are small, and may disappear. This section comprises the 
true Sharks and the Dog-fishes. 

All these fishes have elongated and subcylindrical bodies, and a 
strong tail, well adapted for swimming. The anterior, and very fre- 
quently all the teeth are formed on the type of a laterally compressed 
cone with trenchant edges, at the base of which two or more minor 
cones may be developed. In many cases, however, the hinder teeth 
have obtuse crowns, adapted for crushing. The two rami of the jaws 
are never parallel to one another, in consequence of which the teeth 
are always set in oblique rows (fig. 864), and never form the straight 
antero-posterior rows, like those occurring in the Rays (fig. 860). Sharks 
are carnivorous, and of active pelagic habits ; and are most numerous 
in tropical scas^ although they ascend tidal rivers, and are even found in 
an inland lake m the fiji Isknds. 

This section may be divided into two series, in the first of which 
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there is but one dorsal fin, and the number of the gill-clefts exceeds 
five. 

Family NotidaniDjE. — The single family of this series is repre- 
sented by the genera NoHdanus and Cklamydoselache^ both of which 
inhabit the warmer seas. The dorsal fin has no spine, and the teeth, 
of which several series are in use at the same time, have sharply 
pointed cusps. NoHdanus {Heptanchus^ Hexanchus) is readily 





Fig. 86i.--Lcfi lateral view of the skull of Notidanus, Recent. Reduced. R, Rostrum ; 
AF, PFf Pre- and postorbital processes; Or6t Orbit; N/C, Nasal capsule; +, Articulation of 
palatopterygoid (fy)* O, Articulation of Meckel’s cartilage (Afd); Z, Teeth ; W'S, Vertebral 
column. (After Wicdersheim.) 


characterised fey the inferior position of the mouth and the peculiar 
form of the lateral teeth. These lateral teeth (figs. 86i, 862) are 
comb>like, consisting of a series of compressed cones, inclined in 
one direction, and fixed upon an elongated base ; the anterior cone 
being the largest, and frequently having cusps at the base of its 

anterior border. The lower teeth 
are more complex than the upper, 
and the anterior teeth in both jaws 
are simple and awl-shaped. The 
primitive position of this genus is 
shown by the persistent notochord 
and the characters of the skull 
(fig. 861). The latter approaches 
the so-called amphistylic type, differ- 
ing from that of all other existing 
Selachians by the slenderness of the 
upper part of the hyoid arch, which 
does not support the palatopterygoid 
bar and mandible. The palatoptery- 
goid is connected, however, with the cranium by a distinct facet 
articulating with the postorbital process. ITiis structure is re- 
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garded by Mr Smith-Woodward as but very slightly removed 
from the original primitive condition ; Cestracion^ in which the 
hyomandibular becomes distinctly differentiated, being a step in 
advance. In time this genus is definitely known to range 
from the Middle Jurassic of the Oxford Clay to the present 
day; it has indeed been recorded from the Lias, but the deter- 
mination is more than doubtful. Nearly all the described species 
are European, but one has been recorded from the Tertiary of 
New Zealand. Some of the fossil teeth show signs of wear at 
their summits, and it thus seems that they must have been firmly 
implanted in the jaws like those of the Hybodonts ; specialisation 
having apparently tended to produce a loose dental articulation 
throughout the section. The genus Chlamydoselache has a terminal 
mouth, with lateral teeth similar in both jaws, and consisting of three 
slender cones separated by smaller cusps ; the notochord being partly 
calcified. This genus is now known by a single living species from 
the Japanese seas, but teeth from the Pliocene of Tuscany have 
been referred to it. It will be observed from the figure that the 
mandibular articulation of Nolidanus is placed far behind the 
cranium proper, and it is noteworthy that a similar condition ob- 
tains in Pleuracanthus among the Ichthyotomi. 

Family Cochliodontid^. — With this family we enter the second 
series of the section, in which there are two dorsal fins and five gill- 
clefts. The present extinct family is an ill-defined one, apparently 
allied to the Cestradantidce, but with a more specialised dentition. 
The dentition is formed from that of the Cestraciontida (infra) by 
the welding of at least one of the oblique transverse rows of teeth 
encircling each ramus of the jaws into a continuous curved plate 
(fig, 863), which may have either a smooth crown-surface, or may 
be marked, as in the figured example, by grooves and ridges, indi- 
cating its compound origin. These dental plates grow by additions 
to their inner borders, w^hile the outer borders are usually involuted. 
The dorsal fins were provided with spines. This family comprises 
a number of genera from the Carboniferous, only some of which can 
be very briefly noticed in this work. The one most imperfectly 
known is Helodus^ from the English Carboniferous, which appears 
allied to the next, but does not seem to have Jiad the teeth welded 
into plates, and therefore differs from the accepted definition of the 
family. Pkuroplax (Pieurodus) and Psefhodus are more typical 
forms, the latter occurring both in Europe and North America. 
The dental plates of Psephodus form at least one series of smooth 
curved teeth, without coronal ridges or involution of the outer 
border ; and there were also smaller rows of lateral teeth, as well ss 
some prehensile teeth at the extremities of the jaws. Sandalodus is 
known by the huge dental plates, which are of an elongated trian- 
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gular shape, with the outer border slightly involuted, and an undu- 
lating coronal contour in the upper jaw; the genus occurring in 
Europe and the United States, Other genera which can be merely 
mentioned are Tomodus^ Xystrodus^ DeUodus, and Pcuilodus ; the 
three last being common to Europe and North America. Teeth 
referred to Poeciiodus, and to the above-mentioned genus Pnphodus^ 
have also been described from the Carboniferous of Northern India ; 
and the teeth from the same beds described under the name of 

Helodopsis are likewise referable to 
the present family. In the type 
genus CochlioduSy of Europe and 
the United States, there are two 
pairs of dental plates in the man- 
dible (fig. 863), in which the outer 
border is much involuted. The 
posterior plate is elongated antero- 
posteriorly, and has its anterior 
Fig. 863.— Lower dental plates of and posterior borders converging 

outwardly, and a prominent oblique 
’■‘‘Ige, likewise narrowing in the 
sion of the two plates. Same 'direction, in the middle of 

the crown. The anterior plate is 
naitbw from before backwards, with a ridge on the hinder border of 
its crown resembling the median ridge of the larger plate. The 
remaining genera of this family are Streblodus^ Deltoptychius^ Diplac- 
odus^ and CyrtonoduSy of which the two last are doubtfully entitled 
to distinction ; while other names have been applied to detached 
anterior teeth. 

Family CESXRACiONXiDi®. — This family, which may be taken to 
include the OrodontidiZ and Hybodontida of many writers, is repre- 
sented by a considerable number of genera ranging from the Car- 
boniferous to the present day; all the existing species being included 
in the type genus Cestradony of which the upper dentition is shown 
in fig. 864. The family is characterised by the presence of a spine 
to each dorsal fin, of which the first if place4 immediately above 
the interval between the pectoral and pelvic fins. The teeth are 
generally more or lesr obtuse, with several series in use at the same 
time, and those of each oblique series never fused into continuous 
plates. One of the oldest genera is Orodus (more correctly Oreodus)y 
of the Carboniferous of Europe and the United States, in which the 
teedi are of the general type of those of Hybodus^ and are only regarded 
by Mr S. Woodward as entitled to separation on account of the 
absence of other associated remains which are characteristic of the 
Mesozoic genus. It is probable that some of the dorsal fin-spines 
originally described under the name of Ctenacanthus belong to 
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Orodtu. Most of these spines (fig. 852, 2) are, however, referable 
to the allied Carboniferous genus Sphenacanthus ; and they are 
characterised by their ornamentation of robust longitudinal ridges, 



Fig. 864.— Upper jaw of the Port Jackson Shark {Cestradon Philippi). Onc*half natural 
size. (After Owen.) 


which are partly nodose. Other Carboniferous genera are Campodus^ 
Diclitodusy and Tristychius^ some of which have several synonyms. 
In the Thuringian Permian this family is represented by the genus 
IVodnika^ in which the teeth have large and smooth crowns well 

Fig. 86s.~~Tooth of Fig. 866. — Imperfect Hyhodtti{c/^b<dsanus; from 

bodut yariwttUut ; from the Lower Cretaceous. Reduced, 

the Lias of Borsetshire. 

(After S. Woodward.) 



adapted for crushing ; while in the Muschelkalk, or Middle Trias, 
we have the imperfectly known Falmbatis^ with teeth very like those 
of Asteracanthus, With the genus Ilybodus, ranging from the Mus- 
chelkalk to the Lower Greensand of Europe, we come to a type 
which is now almost as well known to us as existing Sharks, owing 
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to the beautiful presentation of many of the specimens from the 
‘ Lias, in which deposits these fishes were abundant. Many of the 
^Immerous species attained very large dimensions; and the genus 
may be defined by the following characters. The teeth (fig. 865) 
are conical or cuspidate, the crown being more or less striated, with 

one main cone, flanked by one or 
more lateral cones, and the root 
being more or less depressed. 
The teeth at the symphysis are 
large and few in number; while 
the fin-spines (fig. 866) are Ion- 
gitudinally grooved and ridged, 
with two rows of denticles placed 
n|ar the^posterior borders. The most remarkable feature is, how- 
ever, the presence of two large hook^ike spines immediately behind 
each orbit, which have been # 5 scrt 6 ed under the name of Sphen- 
onchus. The notochord is persistent. 

Specimen! M the Lower Liassic //. Delabeckei show the whole of the 
4entition in situ ; and it appears from these that there was no median 
symphysial vow of mandibular teeth, but that there were ten transverse 
rows oUowef teeth, with five teeth in each row, while the number of rows 
in the upper jaw was either nine or ten. In the later forms, such as //. 

basanus of the Wealden, the teeth 
differ from those of the typical 
Liassic forms by the taller, com- 
pressed, and nearly smooth crowns, 
and Mr Woodward suggests that 
it may eventually be advisable to 
refer these types to a distinct 
genus. The orbital hooks found 
in the Oxford and Kimeridge clay 
indicate fishes 4)f very large di- 
merous. * 

J • ^ 

The ^enus Acrodus is closely 
allied to the , preceding ; but 
the teeth ^^fig. 867) are non- 
cuspidate and more rounded. 
This genus is abundant in the 
Lias, where it is represented by 
the large A, nobilis^ which is the 
type ; but it also extends down- 
wards to the Muschelkalk, and ranges upwards as high as the Chalk. 
The majority of the species are European, but the genus has also 
been recorded from the Cretaceous of North America, as well as 
from certain beds in that country w^jich have been stated to be 
Miocene. 



Fig. 868. — Part of the pala4» of Asieraenmihus 
amatftstnmSf from the Great Oolite of Caen. 
Reducedi. (After Owen.) 
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Asteracanthus {Strophodus) agrees with Hybodus in the persisteni' 
notochord and the presence of orbital spines, but differs in the 
characters of the fin-spines and teeth (figs. 868, 869). The pri# 
cipal teeth form irregular rhomboids, with slightly arched and 
flattened crowns, marked by a reticulate ornamentation — the sym- 
physial teeth being large, few, and simple. The fin-spines are 
marked by stellate tubercles, which are sometimes fused, and 
have two posterior mesial series of denticles. The type species 
(fig. 868) is of great size, and occurs typically in the Great 
Oolite of the Continent and England, but ranges upwards to 
the Kimeridge Clay, and thus presents a remarkable instance 
of persistence. This genus is also represented in the Purbeck. 
Other extinct genera are Palaospinax^ from the Lias, and Synech- 
odus from the English Chalk, both of which have > 4 eetii clos^ 


resembling those of Hybodus ; 
but the fin-spines, at least in 
the former, were smooth, like 
those of Cestracion, The Cre- 
taceous genus is the more 
specialised, and approximate^ 
in cranial structure to NoH 



danuSy the palatopterygoid ar- 
ticulating directly with the 
cranium. Finally, the existing 
genus Cestracion (in which may 
be included forms described 
under the names of Gyropieu- 
rodus and JOrepanophorus) oc- 
curs in Europe from the Kim- 



Fig. 869. — Lateral and oral surfaces of a/tooth 
of Asteracanthus omattssimuSt from the Corallian 
of the Continent. (After Zittel.) 


eridgian of Ba|aria to the 

I^ondon Clay, and ift no# represented by four species in the 
Australian and Japanese seas. This is a specialised genus differing 
from Asteracanthus by the absence of orbital spines, the numerous 
and small symphj^sial teeth (fig. 864), the smooth fin-spines, and the 
full calcification of th^ vertebral column. 


Family ScylliidvE. — This is a family of small extent, and most of 
the members of which are of relatively small dimensions. The 
dorsal fins have no spines, and the first is placed above or behind 
the pelvic fin; while the teeth are small and cuspidate, generally 
several series being simultaneously in use. The living forms are 
commonly known as Dog-fishes. Falceoscy Ilium ^ of the Lower Kiin- 
eridgian of Bavaria, seems to be allied to the existing Ginglymostoma 
and Styllium. Scylliodus^ of the English Chalk, is an imperfectly 
known form with teeth like Sgfiliumy but with vertebrae approximat- 
ing to Lamna. Styllium itself is represented in the Cretaceous of 
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the Lebanon and in the Continental Miocene ; while allied extinct 
genera are Fristiurus^ from the Lower Kimeridgian of Bavaria, and 
Mesitia^ from the Lebanon beds. Finally, the existing Chilos^yl- 
Hum occurs in the Miocene of Wiirtemberg ; while Ginglymostoma^ 
of which some of the existing species attain a length of 1 2 feet, is 
represented in the Eocene of Alabama, 

Family Lamnid-®. — ^This family comprises the largest of the 
Sharks, and is characterised by having the first dorsal fin placed 
above the interval between the pectoral and pelvic fins, and 

without a spine. The teeth are acu- 
minate, and when fully adult are 
solid throughout. The earliest form 
which has been referred to this family 
is Carcharopsisy known by detached 
teeth from the Carboniferous of Europe 
and North America, The type genus 
Lamnay in which Otodus may be in- 
cluded, comprises the existing Por- 
beagles, and has large lanceolate teeth 
(fig. 870) with basal cusps, but without 
marginal serrations. Teeth agreeing 
with those of existing forms in their 
general contour are found in Europe 
from the Lower Miocene (fig, 870) 
upwards, the so-called L, acuminatay 
from the Chalk, belonging, however, 
to the next genus. In another group of this genus, formerly known 
as OioduSy the teeth (fig. 871) axe distinguished by the great com- 



^ Fig. 870. — Tooth of Latnna cus- 
ptdaia^ from the Lower Miocene 
(OUgoccne) of Germany. (After 
Zittel.) 



pression of the crown, the large basal cusps, and the shortness of 
the root Teeth* of this type occur in Europe from the Gault to 
the London Clay, and are also represented in the Upper Cretaceous 
of Southern India and New Zealand. The nearly allied but extinct 
genus Oxyrhim is characterised by the still greater compression of 
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the crowns of the teeth (fig. 872), which are generally devoid of 
basal cusps. It has been record^ from the Jurassic, and occurs 
abundantly in the Chalk of Europe, India, and New Zealand, and 
is also represented in the European Miocene. Teeth from the 
Upper Cretaceous of Europe and India, differing from those of 
Lamna by the nearly circular section of their crowns, have been 
referred to the existing genus Odcntaspis ; but Mr S. Woodward 
considers that they belong to a genus from the Cretaceous of the 
Lebanon, originally described under the preoccupied name of Rhino- 
gnathus^ but now known as Scapanorhynchus. Odontaspis itself 
occurs in the Eocene. Teeth of a long and slender type, from the 
Upper Jurassic and Lower Cretaceous, have been described under 



Fig. 673.*~Tooth of Carckarodon megohdon^ from the Miocene of Malta. (After Zittel ) 

the name of Sphenodus^ now changed to Orihacodus, Other teeth, 
from the Continental Miocene, have been referred to the existing 
genus Alopecias or “Threshers.” With Carckarodon we come tp 
Sharks of enormous size, characterised by their large, flat, and reg- 
ularly triangular teeth (fig. 873), in which the edges are serrated, 
and there are no basal cusps. The one existing species attains a 
length of 40 feet, and has teeth measunng a little over 2 inches 
along the margins, with a basal width of 1.8 inches. It occurs fossil 
in the Pliocene of Europe. In the Red Crag, and also at the bottom 
of the Pacific, teeth are, however, found in which the corresponding 
dimensions are 5 and 4 inches, and thus indicate enormous indi- 
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viduals. Smaller teeth (fig, 873) also occur commonly in the 
Miocene of Malta, the Tertiary of New Zealand, and still smaller 
forms (fig. 874) in the Lower Miocene and Eocene of the Con- 
tinent ; and the genus is also represented in the 



Fig, 874. — Tooth of 
Cnrckurodim prodnC' 
from the Lower 
Miocene of the Con* 
tiiMtnt. Reduced. 


Pliocene of Burma, Its earliest representative 
is, however, C. longidenSy from beds which appear 
to be of the age of the Maastricht or topmost 
Cretaceous. Small compressed and triangular 
teeth, usually with serrated edges, from the Chalk 
of Europe and India, to which the name Corax 
has been applied, probably indicate Sharks allied 
to Carcharodofty although in external contour 
they approximate to the teeth of the next 


• family : they have, however, solid crowns. The 


genus Cetorhinus {Selache\ now represented by the huge Basking 


Shark, dates from the Pliocene. 


Family CARCHARiiDiE. — The last family we have to mention is 
distinguished from the preceding by the presence of a nictating 
membrane to the eye, and also by the hollow crowns of the teeth. 
It is unknown before the Upper Cretaceous, and is dominant at the 


present day. The teeth have triangular and compressed crowns, 
usually with more or less distinctly serrated edges. The genus 
HemipristiSy of the Upper Chalk and Lower Tertiary, is charac- 
terised by its tall lanceolate teeth, the crowns of which have both 
edges coarsely serrated, except at their summits. The existing 
genus Galeocerdo is first recorded from the topmost Cretaceous of 


Holland, and occurs throughout the European and American Ter- 
tiaries from the Eocene upwards ; the existing forms being known as 
“Topes.” CarchariaSy including the well-known Blue Shark, has 
small and generally triangular teeth, those of the upper being very’ 
different from those of the lower jaw. It may 1 ^ divided into 
several groups from the structure of the teeth, which in some forms 
have smooth edges. It first occurs in the London Clay, and is 
thenc€^ found throughout the European Tertiary series ; it has also 
been recorded from the Egyptian Eocene, and is found the fresh- 
water Pliocene Siwaliks of porth-westem India. The strange Ham- 
mer-headed Shark, the only representative of the genus Sphyrna 
{Zygana)y has teeth so closely resembling those of Carckarias that 
it is almost impossible to distinguish detached specimens. It ap- 
pears, however, that there is sufficient evidence to prove the exist- 
ence of a species of the former genus in the Miocene of Europe and 


of the United States. 


l^HTHYOOORULiTES. — In conclusion, a brief notice may be given 
pt a few of the numerous genera founded upon the so-called “ ich- 
thyodonilites ” or spines, of which the serial position cannot at 
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present be determined, and several of which are probably referable 
to the Chimeroidei. The earliest of these is Onchus (fig. 875, a), 
from the Silurian bone-bed of Ludlow, to which genus may also 
belong the dermal denticules b) described under the name of 

Fig. 875. —Spine <a) of Ottckus ienutstriatus^ and (b) Dermal plates of Thct&dus; 
from the Siluriui of Ludlow. 



Thelodus. In the Devonian of North America, and also in the 
Upper Silurian or Devonian of Bohemia, large spines have been 
described under the name of Machceracanthus (fig. 876), which 
probably belonged to the dorsal fins. Gyracanthus is based on 



Fig 876. — Fin*spiiie of Macharacanthus major ; from the Devonian of North America. 
Onc'half natural size. (After Newberry.) 


unsymmetrical spines (fig. 852, 2), which, it has been suggested, 
may belong to the pectoral fins. Other Carboniferous specimens 
have been named Lophacanthus and OraCanthus (England), Eu- 
acanthus (Russia), Xystracanthus (North America and India), and 
Thaumaiacantkus (India). 

The spines described as 
Orcuantkus are now known 
to belong to the head of 
a Selachian, and not, as 
at first supposed, to the 
tail of a Placodermic Ga- 
noid. It will be un- 
necessary to mention a 
number of other types 
from various deposits ; but 
we must not conclude 
without referring to the 
remarkable specimens (fig. 

877) from the Carboniferous of North America and Australia to 
which the name Edestus has been given. These have a highly 
curved axis, bearing compressed lancet-like teeth, with serrated edges 



Fig. 877. -Part of (? caudal) spine of Ed€stus 7 H>re^; 
from tJhe Chirboniferou* of North America. One*nalf 
natural si*e. (After Newberry.) 
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either on the convex or on both borders. It is suggested that they 
may have been carried on prominences in the caudal region. And 
after describing the best preserved remains of this genus, Dr New- 
berry concludes as follows : Hence, until further light shall be 
thrown upon the interesting question of the homologies and functions 
of [the remains of] Edesius^ we may regard them as the post-dorsal 
spines of large cartilaginous fishes, of which the other parts are yet 
unknown, and may suppose that they were used for attack and de- 
fence, like the spines of Trygon or Acanthurus." 

Spines of similar type from the Carboniferous of Russia, origin- 
ally described as Edesius protopiraia^ have been subsequently made 
the type of the genus Protopirata^ although it is doubtful whether 
this term, having been first made a specific one, is admissible as a 
general one. ' 



949 


CHAPTER XLVIII. 

CLASS PISCES — continued. 

Orders Chimeroidei and Dipnoi. 

Order HI. Chimeroidei. — The Chimaeroids are marine fishes, 
regarded by some writers as a suborder of Elasmobranchei ; but 
although they resemble Sharks in external contour, in the presence 
of “ claspers ” on the pelvic fins of the male, and in the structure 
of the egg-capsules, yet they present such important differences as 
to indicate the propriety of referring them to a distinct order. The 
skeleton is entirely cartilaginous, and the vertebral column only 
imperfectly segmented ; the notochord being surrounded by a series 
of cartilaginous rings, which may be partly calcified. The skin of 
the typical forms is usually quite naked in the adult, but in the 
young there is a row of small dermal ossifications on the back. 
The skull is movably articulated to the vertebral column, and has 
the hyomandibular fused with the palatopterygoid bar, and the latter 
firmly united to the cranium, with which the mandible consequently 
articulates without the intervention of a separate suspensorium — 
this arrangement being termed autostylic. The gill-clefts are four in 
number, and protected by a fold of skin containing a cartilaginous 
gill-cover ; their communication with the exterior being effected by 
a single aperture. The mouth is always terminal; and in the recent 
forms each jaw carries one pair of molariform teeth, respectively 
attached to the palatopterygoid and MeckeFs cartilage (mandible), 
with the addition of a smaller anterior pair of vomerine cutting-teeth 
in the upper jaw — ^all these teeth persisting throughout life. The 
fins are similar in structure and position to those of the Sharks ; the 
first dorsal always carrying a strong spine, which articulates mth 
the neural spines of the vertebrae, and is thus susceptible of motion. 
In the absence of a swim-bladder the Chimeroids, again, agree with 
the Elasmobranchs. There is a lateral line strengthened by carti- 
laginous rings. From the absence of any membrane bones, the 
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either on the convex or on both borders. It is suggested that they 
may have been carried on prominences in the caudal region. And 
after describing the best preserved remains of this genus, Dr New- 
berry concludes as follows : “ Hence, until further light shall be 
thrown upon the interesting question of the homologies and functions 
of [the remains of] JEdesfus, we may regard them as the post-dorsal 
spines of large cartilaginous fishes, of which the other parts are yet 
unknown, and may suppose that they were used for attack and de- 
fence, like the spines of Trygon or Acanthurus.^ 

Spines of similar type from the Carboniferous of Russia, origin- 
ally described as Edestus protopiraiay have been subsequently made 
the type of the genus Protopirata^ although it is doubtful whether 
this term, having been first made a specific one, is admissible as a 
general one. • 
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CZASS PISCES — continued. 

A 

Orders Chimeroidei and Dipnoi. 

Order IIL Chimeroidei. — The Chimaeroids are marine fishes, 
regarded by some writers as a suborder of Elasmobranchei ; but 
although they resemble Sharks in external contour, in the presence 
of claspers ” on the pelvic fins of the male, and in the structure 
of the egg-capsules, yet they present such important differences as 
to indicate the propriety of referring them to a distinct order. The 
skeleton is entirely cartilaginous, and the vertebral column only 
imperfectly segmented ; the notochord being surrounded by a series 
of cartilaginous rings, which may be partly calcified. The skin of 
the typical forms is usually quite naked in the adult, but in the 
young there is a row of small dermal ossifications on the back. 
The skull is movably articulated to the vertebral column, and has 
the hyomandibular fused with the palatopterygoid bar, and the latter 
firmly united to the cranium, with which the mandible consequently 
articulates without the intervention of a separate suspensorium — 
this arrangement being termed autostylic. The gill-clefts are four in 
number, and protected by a fold of skin containing a cartilaginous 
gill-cover ; their communication with the exterior being effected by 
a single aperture. The mouth is always terminal; and in the recent 
forms each jaw carries one pair of molariform teeth, respectively 
attached to the palatopterygoid and Meckefs cartilage (mandible), 
with the addition of a smaller anterior pair of vomerine cutting-teeth 
in the upper these teeth pmisting throu^out life. The 

fins are simihtf in structure and position to those of the Sharks ; the 
first dorsal always carrying a strong spine, which articulates mth 
the neural spines of the vertebrae, and is thus susceptible of motion. 
In the absence of a swim-bladder the Chimeroids, again, agree with 
the Elasmobranchs. There is a lateral line strengthened by carti- 
laginous rings. From the absence of any membrane bones, the 
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massive teeth, which are strictly comparable to those of the Dipnoi, 
constitute the whole of the solid part of the jaws. 

This order may be regarded as in some respects connecting the 
Elasmobranchs with the Dipnoi — the autostylic cranium and the 
dentition being essentially Dipnoid. Chimseroids have existed from 
the Lias upwards, and not improbably date from the Devonian ; 
while, as is usually the case, some of the extinct genera show much 
more generalised affinities than their existing representatives. 

Family Squaloraiid^ — The extinct genus Squaloraia was long 
regarded as an Elasmobranch of somewhat uncertain affinities ; but 
according to the observations of Dr Traquair, it should find a place 
in the present order. In this genus, which is confined to the Lias, 
there is an elongated body ; while the skull is produced into a long 
flat rostrum, and carries a basal pair of teeth separated at the sym- 
physis, in advance of which are two small vomerine teeth of the 
normal Chimaeroid type. Further, the skull of the male has a pre- 
hensile spine on the upper part of the snout, resembling in structure 
that found in Ischyodus, The “lateral line” agrees with that of 
other Chimseroids in being open, and protected by cartilaginous 
rings ; while the skin appears to have been entirely naked. The 
vertebrae are of the Tectospondylic type of those of the Rays. The 
skull has been described as hyostylic, but Dr Traquair considers 
that this is due to crushing, and that it is really of the autostylic 
structure. 

Family CniMi^RiD^. — Nearly all the remaining forms, from the 
Lias upwards, may apparently be included in this family, which is 
now represented by ChitncEra and Callorhynchus. The teeth are of 
enormous size, those of opposite sides meeting in a median sym- 
physis ; and each tooth has one or more triturating ridges, or pro- 
minences, differing in appearance from the rest of the tooth, which 
may be conveniently termed tritors. The type genus Chimmra has 
the teeth adapted for cutting ; those of the mandible being thin and 
plate-like, with one large median tritor, and two tritors near the an- 
terior extremity, and an outer series in the form of dots ; while the 
palatal tooth varies considerably in shape. This genus is repre- 
sented at the present day by three species, and has also been re- 
corded from the Pliocene of Italy and the Miocene of Bavaria. In 
Eiasmodectes (Elasffwgnatkus) of the English Chalk, the mandibular 
teeth are likewise of a cutting type, but without the median tritor. 
The extinct Ischyodus^ which in England ranges from the Upper 
Jurassic to the Chalk, but has also been recorded from the Eocene 
of North America arid the Cretaceous of New Zealand; appears to 
connect ChitiuBra with the next genus ; the teeth being more adapted 
for crushing. The mandibular teeth are, indeed, more massive, 
and generally have two well-marked tritors externally to the large 
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median one ; while there is a spine on the rostrum. Edaphodon^ 
which ranges from the Lower Greensand to the Middle Eocene of 
Bracklesham, like the last genus, attains gigantic dimensions, but 
has its teeth adapted entirely for crushing. The mandibular tooth 
(fig. 878) is very massive, and has its symphysial surface (which in 
the preceding genera is narrow and grooved) very wide and quite 
flat, while there are two outer and one median tritors, as well as a 
terminal tritor which is not shown in the figure. Each palatal tooth 
is furnished with three tritors. Teeth of this genus are common in 
several Cretaceous and Tertiary deposits. Elasmodus^ which is 
found in the Lower and Middle Eocene of England, appears to be 



Fig. B78.— Inner surface of the right nnandibular tooth of Edapkodon gigas ; from the English 
Chalk. Reduced. (After Egerton.) 


allied to the preceding genus ; while in the existing Callorhynchus 
we apparently have the most specialised representative of the group 
with crushing teeth. The latter genus is represented by an existing 
species in the Southern seas, and by a fossil one from the Lower 
Cretaceous of New Zealand. The mandibular tooth is massive, 
with a narrow symphysis, and only a single tritor, representing the 
large median one of Edaphodon, Other European forms are Gan- 
oduSy from the Lower Jurassic of Stonesfield, in which the tritors of 
the mandibular tooth are confluent ; and Myriacanthus {Prognafh- 
odus or Metopacanthus\ of the Lower Lias of Dorsetshire, which is 
known both by the spines and the teeth. Its premaxillary teeth are 
chisel-like in shape. Leptacanthus of the Lias, and Dipristis of the 
Middle Miofi^ne, are imperfectly known forms probably referable to 
this family, North America the names Eumy/odus, Leptomylus, 
ByactinuSy Diphrissay Isotctmay and Sphageop<£a have been applied 
to Cretaceous forms, while a Miocene type has been called Mylo- 
gnathus ; but there is considerable doubt whether all these forms are 
really distinct from European genera. 

As genera of which the family position is uncertain may be men- 
tioned ChimetropHs from the Lower Kimerid^n of Bavaria, which 
differs from existing forms by its shagreen skin, and apparently also 

VOL. IL ® 
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by the presence of a remarkable spine-like tooth placed in front of 
the normal tooth of the mandible. The fin-spines of this genus 
approximate to those of the Elasmobranchian genus Asieracanthus. 
Rhynchodes from the Devonian of Ohio, and Ptyctodus from that of 
both Russia and Illinois, are genera founded upon teeth which their 
describers refer to this order. Some of the genera founded upon 
the evidence of detached fin-spines, a few of which are noticed in 
the preceding chapter, should perhaps also find a place among the 
Chimaeroids. 

Finally, the genus Cotlorhynchus may be mentioned in this con- 
nection. It was founded upon spines originally regarded as the 
rostra of Sword-fishes, but Which are evidently of dermal origin, and 
are considered by Mr S, Woodward as being probably fin-spines of 
Chimaeroids. These spines occur in the Chalk of England and 
Maastricht, in the Lower Eocene of England, Egypt, and India, and 
also in the Middle Eocene of Bracklesham in Sussex. 

Order IV. Dipnoi. — ^The Dipnoi, which Dr Gunther regards 
as a subdivision of the Ganoidei, are typically freshwater fishes, 
usually presenting the following characters : The body is covered 
with imbricating cycloidal scales, while the vertebral column is car- 
tilaginous, and there are both anterior and posterior nostrils placed 
more or less within the mouth (fig. 88 1). The primitive cartila- 
ginous cranium persists more or less completely, and, like that 
of the Chimaeroids, is autostylic; cranial membrane bones are, 
however, always developed to a certain extent, and there are also 
splenial and articular bones in the mandible, while the cranium is 
immovably connected with the vertebral column. The palatopteryg- 
oid bar persists as the functional upper jaw, and, as in the living 
Chimaeroids, carries a single pair of molariform teeth, while a cor- 
responding pair of teeth are placed on the splenial and articular 
bones of the mandible. There is also a smaller pair of vomerine 
teeth ; in advance of which there may be other minute teeth. The 
paired fins have a long, cartilaginous, jointed, median axis (fig. 845), 
and the tail may be either diphycercal or heterocercal. There are 
no functional branchiostegal rays ; and the five or six cartilaginous 
branchial arches are more or less rudimentary, and their single aper- 
ture is closed by a gill-cover. The teeth agree with those of the 
Chimieroids in having no successors; but, from th 6 presence of 
membrane bones, do not constitute the whole of the jaw. 

In the itmcture of their skull the Dipnoi show amities to Chi- 
maemids, Ganoids, Teleosteans, and Amphibians; the autostylic 
feature connecting them with the former, and the double nares 
with the latter, in which the skull is also autostylic. The lungs are 
formed by die connection of the swim-bladder with the gullet by 
means of a duct, and these fishes can thus either breathe by means 
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of their gills in water, or by their lungs on land In the existing 
African Protopterus there are external branchial tufts, like those of 
the young of the Amphibia. The structure of the pelvic girdle and 
limbs has been already noticed in the introductory chapter on the 
class ; but it may be observed that although the skeleton is essen- 
tially cartilaginous, yet imperfect ossifications may occur in the 
neural spines of the vertebrae, as well as in the ribs and fin-rays. 
The scales may be either ganoid or cycloid. 

That this order is essentially an old one, may be inferred not 
only from the widely scattered distribution of the three existing 
genera, and their paucity in species, and sometimes in individuals ; 
but also from the generalised structure of its members, and the 
occurrence of one of the existing genera in the Trias of Europe, and 
the reputed Permian of North America. • 

Family LEPiDOSiRENiDiE. — This family is only known by two 
existing genera, and is characterised by the persistent chondro- 
cranium, carrying a few large membrane bones, by the cycloid scales, 



P 

Fig. 879. — Lepidosirtn from South America. Reduced. 

Pectoral ; v, Pelvic fin. 


the absence of jugular plates, the continuous vertical fin, and the 
narrow central axis of the paired fins, which are reduced to filaments. 
The two genera are Ltpidosiren (fig. 879) of the Amazons, in which 
the paired fins are not fringed ; and Frotopttrus of the rivers of 
tropical Africa, where those fins are furnished with fringes. There 



Fig, BarramundA {Cemiadmt F^rsteri), from Queensland. Reduced. 


are two small conical vomerine teeth, and larger cuspidate teeth 
on the palate, while the body is eel-like. 

Family CeratodontidvE. — The genus Ceratodus (fig. 880) 1 ^ 
been generally placed in the same family as the preceding forms, with 
which it agrees in the continuous vertical fin, the cycloid scales, the 
absence of jugular plates, and the few cranial bones. In many 
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respects, and more especially as regards the dentition, Ceratodusy as 
pointed out by Dr Fritsch, is, however, much more nearly allied to the 
under-mentioned family Dipteridc^y and it seems advisable to regard 
it as representing, at least provisionally, the type of a distinct family. 

Ceratodus is one of the very few instances where a genus, founded 
upon the evidence of fossil specimens, has subsequently been discov- 
ered in a living condition. Fossil teeth of this genus were long known, 
but it was not until the year 1870 that the existence of a living rep- 
resentative was brought to the notice of science. The body of the 
Barramundas, as these fishes are termed, is laterally compressed, 
with one continuous vertical fin ; while the 
paired fins are paddle-shaped, with a broad 
fringe. The vomerine teeth (fig. 881, x) 
are shaped like the incisors of many mam- 
mals, while those on the palate {ibid,y xx) 
and mandible have an inner smooth con- 
vex border, and externally bear a num- 
ber of strongly-marked ridges or horns. 
In the existing species the teeth of oppo- 
site sides are separated by a distinct in- 
terval (fig. 881), but in some fossil forms 
they were in contact. Again, in the living 
species, the palatal teeth bear six distinct 
horns, while the backward production of 
inner margin forms an incomplete 
fine; xx, Palatal ; xxx.'Mandi- sevcnth hom (fig. 88 1); but in the man- 
tcriOTiwr^’ w, Pos. there are not more than the 

typical six horns. In fossil forms, accord- 
ing to Professor Miall, the mandibular teeth are slightly smaller and 
narrower than the palatal ones, and have not more than four horns ; 
while the palatal teeth have either five horns, or four and a rudi- 




ment of a fifth (fig. 882) ; 
this simpler structure of 
the teeth in the earlier 
forms being analogous to 
that which we have already 
mentioned as obtaining in 
the Selachian Notidanus, 
Some of the fossil teeth 
indicate individuals of two 
or three times the size of 
the Barramunda, of which 


the largest specimens at- 
tain a length of nearly six feet The position of these upper teeth 
on the palatopterygoid bar is well shown in fig. 88 1, which also ex- 
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hibits the large parasphenoid, and the anterior and posterior nares. 
In regard to its distribution in past times, we meet with remains of 
this genus in the Jurassic of Colorado and Montana in the United 
States, and also in the Lower Jurassic of Stonesfield near Oxford ; 
it is, moreover, abundant in the Upper (Keuper) and Middle (Mus- 
chelkalk) Trias of Europe, and has been recorded from the Lower 
division (Bunter) of that formation ; it also occurs in Illinois in 
beds, which are thought to be probably Triassic ; while in India 
teeth are very common in the Maleri group of the Gondwana system 
of the Central Provinces, which is not improbably also of Triassic 
age. Further, Professor Cope has recorded the genus from strata 
in North America identified by him with the Permian ; but the 
species from the European Permian originally referred to this genus 
belongs to Ctenodus, • 

Family PHANEROPLEURiD^f:. — In this family, which has been 
placed by some in the Crossopterygian Ganoids, we still have the 



Fig. 883 . — Phaneroplcunnt Andersenii from the Devonian of Scotland, one-half 
natural size, a, Scale magnified. 


continuous vertical fin, the diphycercal caudal fin, and the narrow 
axis of the paired fins characteristic of the preceding families ,* but 
the scales are said to have a ganoidal structure, jugular plates are 
present, and there is a series of minute teeth in the margins of the 
jaws. This family is typically represented hy Fhaneropleuron (fig. 883), 
of the Devonian and Carboniferous of Scotland and the Devonian 
of Canada, and the allied Uronemus of the Scottish Carboniferous. 
We may, however, here mention the genera Megnpleuron^ and 
Conchopoma from the Permian of the Continent, which should prob- 
ably find a place in this or an allied family. The former genus has 

^ The rhomboidal scales which have been described as belonging to this genus 
are those of a Ganoid. The name should properly be Me^lopUuruni* 
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ossified ribs, large operculars, and Dipnoid teeth, but the form of 
the fins and tail is unknown ; while the latter agrees with Fhanero- 
pieuron in the structure of the teeth and tail 

Family Dipterib^. — This family is characterised by the great 
development of the cranial bones, the more or less ganoidal struc- 
ture of the scales, the presence of jugular plates, the heterocercal 
tail, the two distinct dorsal fins, and the greater size and breadth of 
the scaled portion of the paired fins. Its range extends from the 
Devonian to the Permian, and it shows signs of connecting the 
preceding family with the Crossopterygian Ganoids. The teeth 
(fig. 885) are of the same general type as those of Ceratodus^ 
but may carry a larger number of smaller ridges, which in some 
instances (fig. 885, i, 2) are ornamented with a number of cusps or 
denticules. The typical genus Dipterus (fig. 884) comprises fishes 
of small or medium size, with circular scales, and both the dorsal 
fins placed in the hinder third of the body, the first being much 
smaller than the second. The pectoral fins are long and paddle- 



Flg. 884.— Valenctemutsil from the Devonian of Russia, two-thirds 
natural size. (After Pander.) 


shaped ; while the pelvic pair, and the anal, are respectively placed 
beneath the first and second dorsals. The quadrate is ossified ; 
and there are also ossifications in the fin-rays and ribs. The teeth 
(fig. 885, i) carry numerous denticules on their ridges. This genus 
is characteristic of the Devonian (Old Red Sandstone) of Europe. 
Ctenodus attains considerably larger dimensions than the preceding 
genera j some of the species reaching a length of nearly five feet. 
The teeth are characterised by their ridges carrying many cusps ; 
and the scales are large and thin, with a rhomboidal contour, and 
bearing traces of rows of denticules, with vascular grooves on the 
inner side. The skeleton closely resembles that of Ceratodus^ but 
is more fully ossified ; and both this feature and the more numerous 
cranial bones are regarded by Dr Fritsch as characters of greater 
specialisation. The teeth (fig. 885, 2, 3) are frequently simpler 
than those of Dipterus^ and thus approximate to those of Ceraiodus; 
while Ae form of the parasphenoid and palatopterygoid differs con- 
siderably from that in the former. This genus ranges in Europe 
from the Carboniferous to the Permian, being very abundant in the 
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former ; and it is also recorded from strata in Illinois and Texas 
which are correlated with the Kuropean Permian. 

As members of this order, but perhaps indicating one or more dis- 
tinct familes, we may class the following genera : PcUadaphus^ from 
the Devonian of Europe and Ohio (the species from the latter area 
having been separated as HeHodus\ is a moderately large form in 
which the mandibular teeth (fig. 885, 4) are very broad, and carry 



Fig. 885. — 1, Uppw and lower jaMrs of Di^ttrus VaUnctumesi; from the Devonian, xx, 
Palatal ; xxx. Mandibular teeth ; Natial process ; Palatopterygoid. a, Palate of 

CUnodns tuberculatus ; Carboniferous. 3, Mandible of Ctimodus tmbricatus; Carboniferous. 
4, Mandible of Faladapkus tnsigHts ; Devonian. All reduced. 


only four low ridges. Holodus^ from the Devonian of Russia, is a 
smaller form very imperfectly known, but apparently allied to the 
preceding ; while Conchodus is known by teeth from the same de- 
posits in both Scotland and Russia. Ganorhynchus^ of which the 
horizon is unknown, may also be provisionally placed here. From 
North America we have Ptyonodus and Gnathorhha from the Per- 
mian, and Mylostoma from the Devonian, of which the full affinities 
require further elucidation. 
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CHAPTER XLIX. 

CL ASS PIS CE S — continued. 

Order Ganoidei. 

Order V. Ganoidei. — The Ganoids form an order exceedingly 
difficult of definition, o\\ing to their close connection on the one 
hand with the Dipnoi and (through the Acanthodea) the Elasmo- 
branchei, and on the other with the Teleostei, and it is not improb- 
able that it may be eventually necessary to divide them into at least 
two orders. As mentioned above, some writers group them in a 
subclass yriih the Teleostei under the name of Teleotomi. The 
body may be either naked or covered with shagreen skin, or with 
large detached bony scales, or completely covered either with true 
ganoid scales, or with cycloidal scales of a ganoid structure. The 
vertebral column, again, may be either cartilaginous or fully ossified ; 
and its termination in the tail may be either diphycercal or hetero- 
, cereal Paired and median fins are generally present, and the pelvic 
pair (with perhaps one exception) is abdominal in position. The 
skull may either be covered merely by cranial membrane bones, or 
may be completely ossified. It is hyostylic — />., there is a hyoman- 
dibular suspensorium — ^and the palatopterygoid is distinct from the 
cranium ; and, as a general rule, even in the cartilaginous forms 
maxillae and dentary bones, which carry the teeth, are developed on 
the palatopterygoid and Meckel’s cartilage respectively. The gills 
are usually free, and their single aperture is covered by an oper- 
culum ; while branchiostegal rays are very generally present. In 
most cases a secondary pectoral girdle of dermal bones (clavicular, 
sup|*aclavicular, &a) is developed externally to the cartilaginous 
scapulo-coracoidal girdle, which alone exists in the preceding orders. 
Finally, there is a swim-bladder, with a duct into the pharynx ; while 
there are some other characters of the soft parts into the considera- 
tion of which It will not be necessary to enter in this work. 

Some very curious features occur in the ossification of the ver- 
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tebral column of certain members of this order which call for 
passing notice. Thus in Eurycormus the ossifications in the dorsal 
region consist of an upper and a lower hollow, wedge-shaped, ^emi- 
cylinder, with their pointed extremities interlocking, and the former 
bearing the neural arches and the latter the ribs ; while in the tail 
w^ have two centra to each neural arch. From this it would appear 
that the pieces bearing the ribs in the dorsal region, and the caudal 
centra which have no arches, correspond to the intercentra of the 
Amphibia, which are noticed below. The teeth of Ganoids vary 
greatly in structure, and may be either conical and borne on the 
margins of the jaws, when they are continuously replaced, or flat- 
tened disks attached to the vomer, which have no successors. The 
borders of the fins are frequently furnished with the modified scales 
known as fulcra. ^ 

Considerable diversity of view has prevailed as to the classification 
of Ganoids ; but the system of Dr Traquair, who has paid especial 
attention to the structure of the order, is adopted in this work. 

As regards their distribution in time. Ganoids first appear in the 
Silurian nearly at the same time as the Elasmobranchs ; and from 
the Devonian to the close of the Mesozoic they form a very large 
prop>ortion of the Fish-life of those periods. Their wane, however, 
appears to have set in during the Upper Cretaceous, when the 
Teleostei began to be numerically strong ; and from that date there 
has been a rapid decrease to the present day, when we find only 
one of the suborders (Amioidea) represented by several genera; 
while of the other three surviving suborders one is represented by 
two genera, and each of the other two by a single genus — ^these four 
genera each having a solitary species. 

A. Proganoid Series. — The first three suborders may be con- 
veniently grouped in a single series, and are mainly characterised by 
their exceedingly low development, their aflSnities being still doubt- 
ful. Professor Cope is indeed disposed to regard one of these 
suborders (Placodermata) as more nearly allied to the Tunicata 
than to other Vertebrata ; but this view is scarcely likely to find 
acceptation with the majority of palieontologists. 

Suborder i. Cephalaspidea, — ^The members of this extraor- 
dinary group have the head and the anterior part of the body 
covered with a continuous shield, while the rest of the body is 
coated with small angular plates or scales. No traces of an inner 
skeleton, lower jaw, or teeth, have yet been discovered ; but at least 
in the second family there was a strong pectoral fin at the hinder 
extremity of the dorsal shield. The latter has been recently shown 
to be furnished with a system of sensory canals. This group is 
confined to the Silurian and Devonian ; and it is suggested by Pro- 
fessor Huxley that it may be allied to the Acipenseroidea. 
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Family PtERASPiDiD/B.— TTie entire body in this family is un- 
known ; but the dorsal shield (figs. 886, 887) is usually composed 
of several pieces united together, and has its borders thickened and 



Fig. 886. — Imperfect dorsal 
shield of C^athMpis Banksi; 
from the Silurian of Ludlow. 
iASter Murchison.) 



Fig. 887. — Dorsal shield of 
PUraspis rastrata ; from the 
Lower Devonian of Hereford. 
Reduced. (After Lankester.) 


bent, and in structure approaches the scales of Teleostean Fishes. 
It has a median posterior spine, and sometimes small lateral cornua. 
There is also a small shield on the ventral aspect of the fish, 
which, like the dorsal one, is marked by fine striations. In the 
type genus Pteraspis^ the dorsal shield (fig. 887) is shaped like 
an arrow-head, and composed of seven pieces ; while in Cyath- 
aspis (fig. 886) it is oval, composed of only four elements, and has 
the posterior spine very short Scaphaspis has been founded on 



Fig. 888.— Reduced rettoratkui of PUtwtpU. 


remains belonging' to these two genera, which are found in both 
th4 Silurian and Devonian j the simple shields described under this 
name having apparently been plac^ ventrally beneath the more 
complex ones, on the evidence of which the other genera were 
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founded. Holaspis^ from the Lower Devonian of North Wales, is 
distinguished by the dorsal shield, consisting of only a single 
element. Figure 888 is an attempt to restore the form of the type 
genus. 

Family Cephalaspidid-®. — The Cephalaspids are regarded by 
some writers as belonging to the Pteraspididm^ while by Professor 
Zittel they are placed in a distinct suborder. The dorsal cephalic 
shield (fig. 889) consists of one or two pieces, and usually has more 
or less developed lateral cornua, with a regularly curved and flat 
lower border — ^the eyes being situated near the middle ; in structure 
it resembles true bone. The body is covered with bony plates, and 
the caudal fin is heterocercal The typical genus Cephalaspis (figs. 



Fig. 889. — Left lateral view of Cephalaspit Lyelii; from the Devonian of Scotland. 
About one-third natural size. (After Lankester.) 


889, 890) has the cephalic shield single, and may be divided into 
the Etuephalaspidine and Hemicephalaspidine groups, according to 
the degree of development of the cornua. It occurs in the Si- 
lurian and the Devonian of Britain, and has also been obtained 



Fig. 890.— Smaller views of LytUL (After Page.) 


from the Silurian of Bohemia md the Devonian of Canada. Xen- 
aspiSf from the same English formations, is distinguished by the 
presence of one or more quadrangular dorsal plates behind the 
head ; while Auchenaspts^ of the European Silurian, has the cephalic 
shield transvo^ely divid^. Di^fymfispisy from the same formation, 
agrees with the latter in its double cephalic shield, which is, how- 
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ever, unprovided with cornua ; while other genera are Thyestes and 
Tremataspis^ from the Silurian of Russia. 

Suborder 2. Placodermata. — This suborder is mainly char- 
acteristic of the Devonian, although represented also in the Silurian, 
and lingering on till the Permian. It is characterised by the carti- 



laginous vertebral column, and the en- 
closure of the head and the anterior part 
of the body in bony plates, which are 
covered with a radiate or granular sculp- 
ture ; the tail being either naked or 
clothed with scales. There is a distinct 
mandible ; teeth are frequently present ; 
and there may be a jointed pectoral fin 
enclosed in a bony covering like that of 
the body, but pelvic fins are invariably 
absent 

Family AsTEROLEPiDiDiE. — In the 
typical family the head (figs. 891, 892) 
is rounded anteriorly, and covered with a 
number of small thin plates ; while the 
body is sub-quadrangular and invested 
with larger plates, some of which are 
median and others paired ; and the tail 
may either be covered with much smaller 


Fig. 8qi.- Reduced re«itoration scalcs or naked. There is a well-devel- 
opcd pcctoral limb, which articulates with 


(TUter anterior ventro-Iateral plate ; although 

if was long thought to articulate in some 


forms to a separate thoracic plate. The type genus Asterokpis, 


which occurs both in Russia and Scotland, is characterised, accord- 


ing to Dr Traquair, by the anterior median dorsal plate overlapping 
both the anterior and the posterior dorso-laterals, and by the some- 
what depressed body. In Pterichthys (figs. 892, 893), on the other 
hand, the median dorsal plate, while overlapping the anterior dor- 
so-laterals, is itself overlapped by the posterior dorso-laterals, and 
the body is much more elevated. This genus has been recorded 
from Scotland and the EifSel, and probably also occurs in Russia. 
Detached pectoral fins of these genera have been described 
under several names, and were at one time regarded as ichthyo- 
dorulites. 


The genus Bothriokpis^ from the Devonian of Europe and 
Owiada, is distinguished by the different contour of the cephalic 
pktes, and of the grooves of the lateral line system by which they 
^e marked, as well as by the shorter limbs. No traces of the scaly 
tail have been observed in any of the known specimens, although 
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Dr Traquair considers that this appendage was probably present 
Some of the species attained very large dimensions. 



Fig. 897.— Reduced restoration of the dorsal (i) and ventral (a) aspects of Ptcrichtkys comuius, 
with the sculpture omitted ; from the Devonian of Scotland. The thin black lines indicate the 
concealed edges of the overlapped plates, and the double dotted lines the grooves of the lateral 
line system, nt.occ^ Median occipital plate; Lateral do. ; ag', Angular plate; //.m, Post- 
median do. ; Premedian do. ; 4 Lateral do. ; e./, Extra-lateral do. ; Mentjad do. ; j. 4 
Semilunar do. ; Anterior median dorsal do. ; p.m,dy Posterior do. do; ; «.<44 Anterior 

dorso-lateral do. ; Posterior do. do. : rt.r.4 Anterior ventro-latcral do. ; p.vdy Posterior do. 

do. ; mjVj Median ventral do. ; or, Articular plate of limb ; o, Anconeal of do. ; c, Central of do. ; 
iM, Nfarginal of do. (After Traquair.) 


Microbrachius^ of the Scottish Devonian, is an allied form distin- 
guished by the smaller size of the pectoral limb ; in this form also 



Fig. 893.—Reductd loft Uteral PUrkkthvs camutM; from the l>vonian of 

Scotland. Letters as in the pdrecedtng ngure. (After Traquair.) 

no caudal scales have been observed. The length of the head and 
carapace in the one known species is one and a quarter inches. 
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placed in it. The Acanthodeans appear to be in some respects 
intermediate between the Ganoids and Elasmobranchs, and should 
perhaps constitute an order by themselves. They have the body, 
which is more or less elongated and compressed, covered with 
shagreen-like scales, and with the lateral line running between two 
rows of such scales. The tail is heterocercal ; and the fins have 
strong spines, which, except in the pectorals, are merely inserted 
between the muscles. There is considerable doubt as to the pres- 
ence of cranial bones or of a gill-cover ; but there is a ring of bones 
round the orbit. The vertebral column is cartilaginous, and teeth 
are either wanting or are very minute and sharp. 

In their cartilaginous skeleton, the not improbable absence of an 
operculum, the structure of the scales and position of the lateral 
line, as well a§ in the spines of the median fins, the Acanthodea 
approach the Elasmobranchei ; but the articulation of the pectoral 
fin-spine to the pectoral girdle is a character of the Teleostean St^ 
luridce, while the orbital ring is a character of the higher Ganoids like 
the FalmoniscidcB, 

Family Acanthodidae. — All the genera may be provisionally 



Fig. 898 . — Acanthodes ; from the Permian of Europe. (After Kner and Roemer.) 


included in a single family, of which the type genus Acanthodes (fig, 
898), as now restricted, ranges from the Carboniferous to the^fet- 
mian of Britain and the Continent. The head is very short and 
blunt, and there is but a single dorsal fin placed immediately above 
the anal, while it is thought that teeth were absent. xJtesacanthus, 
of the Scottish Devonian, includes small fishes distinguished from 
the last genus by the presence of an intermediate pair of small 
spines between the pectoral and pelvic fins; it is represented in 
the Devonian of Canada. Closely allied is Acanthodopsisy from 
the Carboniferous of Northumberland, in which there were numer- 
ous minute teeth; while Chiracanthus (fig. 899, i), 9f the Scottish 
Devonian, is distinguished by the dorsal fin being placed in advance 
of the anal. In Diplacanthus (fig. 900) there are two dorsal fins, 
of which the second is placed above the anal; each pectoral fin 
has two spines ; while there are minute spines between the pectoral 
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and pelvic fins, and the jaws are furnished with small conical 
teeth. This genus is reptesented by several species in the 
Devonian of Scotland, and not improbably also occurs in that 
of Canada. Rhadinacanthus^ from the Scottish Carboniferous, 



Fig. 899 — T, Ckiracanthus Murchtsont ; 2, Chmatiu'i scuti^r; 3, Iscknacanihus gracilis', 
from the Devonian of Scotland. Reduced. 


has two in place of four pectoral spines ; while in Ischnacanthus 
(fig. 899, 3), of the same deposits, the small intermediate spines 
are wanting, although they are introduced in the figure. Allied 
to the last are Euthacanthus and Parexus^ from the Scottish De- 
vonian, the former having the second dorsal in advance of the anal 



Fig. 900. — Diplacanthus striatus ; from the Devonian of Scotland Pectoral, I’elvic ; 
a, Anal ; c, Caudal ; First and second dorsal fins. Reduced 

fin. Finally, the genus Climatius (fig. 899, 2) includes three small 
fishes from the last-named formation characterised by the short fin- 
spines and th'e presence of a series of accessory spines between the 
pectoral and pelvic fins. There are two dorsal fins, of which the 
vou ^ 
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second is behind the anal, the figure being incorrect in the latter 
respect. Fin-spines from the Devonian of Canada, described as 
Ctenacanthus and Homacanthus, are referred by Mr Woodward to 
Climatius. 

iNCERTiE Sedis. — Here may be noticed the family Tarrasiida^ 
proposed by Dr Traquair for the imperfectly known genus Tarrasius^ 
from the Scottish Carboniferous, which is regarded as indicating an 
aberrant type. 

B. Euganoip Series. — The remaining members of the order 
include its typical representatives, and may be collectively known 
as the Euganoid series or the Ganoidei Veri. 

Suborder 4. Crossopterygea. — In this group the pectoral, and 
sometimes the pelvic, fins consist of a central lobe surrounded by a 
fringe ; there is an infraclavicular in the pectoral girdle ; the rays of 
the dorsal and anal fins are often more numerous than the support- 
ing interspinous bones ; the preopercular extends forwards on the 
cheek ; branchiostegal rays are replaced by jugular plates ; the de- 
velopment of the vertebral column varies ; the tail may be either 
diphy- or heterocercal, and the scales cycloidal or rhomboidal. This 
suborder is the most primitive of the true Ganoids, among which 
it holds a position somewhat analogous to that occupied by the 
Ichthyotomi in the Elasmobranchei. 

Family Holoptychiid^. — In the type family the pectoral fins 
are acutely, and the pelvic subacutely, lobate ; the skeleton of the 
former, according to Dr Traquair, being a biserial archipterygium 
like that of Ceratodus, The teeth are of the so-called dendrodont 
type, the dentine of the base being infolded 
in an extremely complex manner, with cross- 
branchings which form an intricate network 
within the crown. The scales are cycloidal, 
thick, and sculptured ; and there are two 
dorsal fins, and a heterocaxial tail in which 
the inferior rays are much longer than the 
superior. Before noticing the typical forms 
we may briefly mention the gem^ Onychodus^ 
from the Devonian of North America and 
Europe, which Dr Newberry considers may 
be allied to this family. The scales (fig. 
901) have distinct ridges, and the mandible 
has a pres)mphysial production furnished with teeth arranged some- 
what like an old-fashioned cavalry spur. The type genus Holo- 
pty chins (fig. comprises fishes, which are often of large size, 
from the Devonian of Europe and North America. The Wo dorsal 
fins are placed in the hinder part of the body directly over the pel- 
vic and anal. We may probably place here the imperfectly known 



Fig. 901. —Scale of Onycho- 
dus signtotdesl from the De- 
vonian of North America. 
(After Newberry.) 
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Platygnathusy from the Devonian of Scotland and Russia ; Isodus^ 
of the Irish Carboniferous ; and Peplorhina^ from the Trias of 
Illinois. In Glyptokpis (fig. 903), from the European and Canadian 
Devonian, we have a well-known form in which the dorsal fins 
are placed more anteriorly than in Holoptychius^ while the anal is 
situated below the first dorsal, and the pelvic are consequently much 



Fig. 902. — Holc/>fychius nobilis^imus ; from the Devonian of Scotland, a, A scale less 
reduced. The dorsal and anal fins should be more pointed. 


more approximated to the pectoral fins. Phyllolepis^ founded on 
very thick scales, which are sometimes smooth, from the Devonian 
and Carboniferous of Scotland, should probably be included in this 
family, in which Dr Traquair also places the imperfectly known 
genus Dendrodus, of the Devonian of Russia and Scotland. The 
jaws of the latter carry a small row of marginal teeth of conical 
form ; while in the mandible there is a second row of much larger 
fang-like teeth, each of which has a distinct socket. These teeth 



are somewhat compressed, with trenchant fore-and-aft edges, and 
have the internal structure already noticed. Colonodus, of the 
British Ca^fboniferous, and Sigmodus, of the Upper Paleozoic of 
northern India, should perhaps find a place in this family. 

Family Rhizodontid^. — I n the Rhizodonts the pectoral fins 
are subacuteSy or obtjisely lobate, the pelvic pair being usually non- 
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lobatej while their internal skeleton forms a shortened uniserial 
archipterygium. The teeth are labyrinthodont in structure, lacking 
the complex internal network found in the preceding family. The 
scales are cycloidal and sculptured ; the median fins are numerically 
the same as in Holoptychius ; but the tail approxi- 
mates to the truly diphycercal type. The lower 
jaw has an inner series of tusk-like teeth (fig. 
905). As an imperfectly known form we may 
first mention Cricodus (Polyplocodus) from the 
European Devonian. In the well-known Tristi- 
chopterus^ of the Scottish Devonian, the body is 
much elongated, the tail distinctly heterocercal, 
the posterior fins are placed near the tail, the 
opercular bones are unusually large, and the 
scales thin and striated. An apparently allied 
form is Eusthenopteron of the Devonian of Can- 
ada, in which the vertebral centra appear to have 
been unossified, while there are slight differences 
in the interspinous bones, tail, and teeth. Ac- 
cording to the views of Dr Traquair, Gyroptychius 
(fig. 904), from the Devonian of Scotland, is 
allied to Tristichopterus^ having scales of the 
same general type (although some of these were 
formerly thought to be rhomboidal), but a more 
rhomboidal tail, and the exposed portion of the 
scales • relatively larger. From the Carbonifer- 
ous of both Europe and North America we have 
the t)rpe genus Rhizodtis {Megaitchthys in part), 
of which the t5q)ical species attained a very large 
size. The larger teeth (fig. 905), on the evidence 
of which the genus was originally founded, have 
the upper half of the crown smooth, while the 
lower half is longitudinally fluted. The teeth of 
large individuals (which may attain a length of 
nine feet) are nearly two inches in height. In 
Ehizodopsis, of the same deposits, the cranial 
bones form a well-developed shield on the supe- 
rior surface resembling that of the Osteokpididce, 
although the mandible agrees in general structure 
with that of Rhizodus^ and consists of articular, 
angular, and dentary elements ; the latter having 
a series of infra-dentary pieces on its inner side 
which carry the large tusk-like teeth. The inferior space between the 
mandibular rami is occupied by a series of jugular plates, of which 
there is a large median pair, together with a small unpaired anterior 


Fig. 904 .~-G>^/>- 
chius angustust from 
the Devonian of Scot- 
land. Reduced. (After 
Pander.) 
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one, and a row of small lateral ones on either side. In the cranium 
the most striking feature is the anterior position of the orbit, which 
has three large suborbital bones behind it Other more imperfectly 



905.— A mandibular ramus of Rhtzodus Heberiii from the Carboniferous of Scotland. 
Reduced. 


known genera of this family from the European Carboniferous are 
Dendroptychius^ Strepsodus^ Rhomboptychius^ and Archichthys, 

Family Osteolepidid/E (RHOMBODiPTERiDiE). — In this family the 
fins have the same general structure as in the preceding ; but the 
scales are of the rhomboidal form typical of the order. There are 
a number of lateral jugular plates ; the teeth are numerous and 
sharply-pointed; and the ossification of the vertebral column is 



Fig. 906. — A, Polypterus bichir; from the Upper Nile, b, Osteolepis macroUpidoius l from 
the Devonian of Russia. (After Pander.) Both fibres reduced, a, Pectoral ♦ by Pelvic ; c, Anal ; 
dy d'y Dorsal fins. In the lower figure the dorsm fins should be placed more in advance of the 
pelvic and anal. 


imperfect. The family is divided into two subfamilies ; the first, 
Osteolepidinm {Saurodipterini) being characterised by the smooth 
scales, and presence of a median jugular plate. The type genus 
Osteolepis (fig. 906, b) has a long and slender body, with the two 
dorsals placed respectively in advance of the pelvic and anal fins. 
The t)rpe species is of considerable size. In the allied Thursius^ of 
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which an immature individual is shown in fig, 907, the dorsals are 
placed immediately over the pelvic and anal fins. Both genera occur 
in the Devonian of Scotland and Russia. Closely allied is the genus 
Diphpterus^ from the Scottish Carboniferous, in which the dorsal 
fins are also situated posteriorly, the first being directly over the 
pelvic. Megalichthys^ from the same deposits, comprises two species 
of large size ; and is characterised by the presence of large fulcra 
at the roots of the pectoral, pelvic, and anal fins ; and also by the 



Fig. 907. — A young individua] of Thursius macroUpidotus ; from the Devonian of Scotland. 
Letters as in iig. 900. Reduced. (After Sedgwick and Murchison.) 


small size of the anterior dorsal fin, which is placed above the 
pelvic fin. Ectosteorkachts, from the Permian of North America, 
is nearly related, and appears to be the last survivor of the family. 
The second subfamily, or Glyptolmmina^ is represented only by the 
genera Glyptolamus (fig. 908) and Glyptopomus^ of the Scottish 
Devonian ; and differs from the last by the sculptured scales, and 
the absence of a middle jugular plate. The b(^y is much elon- 
gated ; there is a long interval between the pectoral and the posterior 



Fig. ^,—Glyptolam%s Kinnairdt; from the Devonian of Scotland. Reduced, a, Scales. 
(After Huxley.) 


fins ; and the tafl is truly diphycercal ; each genus is represented 
by a single species. 

Family CcELACANXHiDiE. — With this family we come upon a 
group of fishes not occurring in the older Palaeozoic, but extending 
from the Carboniferous to the Upper Cretaceous, and thus affording 
a link between the- preceding extinct and the following existing 
family. The vertebral column is unossified ; there are two dorsal 
fins, each of whidi is supported by a single forked interspinous 
bone ; the pectoral fins are obtusely lobate ; the caudal fin is un- 
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usually large, and completely diphycercal; the swim-bladder is 
ossified, and the scales are cycloidal The members of this family 
are further characterised by the full development of the cranial 
bones ; and the arrangement of the ossifications in the orbit ap- 



Fig. 909. — Skeleton of Undina penicillata ; from the Ktmeridgian of Bavaria, one-fourth 
natural size. Jugular plates ; 6 , Swim-bladder ; c, Pelvis. 


proaches that found in the Labyrinthodontia. The type genus 
Coelacanthus ranges from the Carboniferous of Europe and North 
America to the Upper Trias of the former area, and is well charac- 
terised by the great thickness of its scales. 

More or less nearly allied are Diplurus from the Trias of New 



Fig. 910. — Skeleton erf Macropoma Mcmtelli; from the Chalk of Sussex. Reduced. 
Letters as in fig. 909. (After Huxley.) 


Jersey, Graphiurus from the Upper Trias of Carniola, and Hepta- 
mma ranging from the Middle Trias to the Upper Jurassic of the 
Continent In Undina (fig. 909) the exposed parts of the scales 
are marked by ridges, rising in some parts into spines, and the 
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rays of the dorsal and caudal fins are divided and furnished with 
spines. In the English Liassic Holophagus the spines on the 
scales are more numerous, while in Ubys^ from the Kimeridgian 
of Bavaria, they are less numerous, the division of the fin-ra3rs 
extends more deeply than in Undtna, and the dorsal and caudal 
scales have a row of tubercles. Coccoderma^ from the Kimeridgian 
of Europe, is allied to the last. Finally, Macropoma (fig. 910), 
from the Chalk, comprises several large species readily characterised 
by the notochord not extending to the extremity of the tail. 

Familv" PoLYPTERiDiE. — The last family of the suborder is known 
only by ilie existing African genera Polypterus (fig. 906, a) and 
CalaiiMchthys^ each of which is represented by a single species. 
The vertebral column is ossified ; the dorsal fin broken up into a 
number of small finlets ; the pectorals are obtusely lobate ; the 
caudal fin is diphycercal, with a very short body-axis ; and the scales 
are rhomboidal. 

Suborder 5. Acipenseroidea. — According to the views of Dr 
Traquair, the Acipenseroids, represented typically by the Sturgeons 
and their allies, and forming the Chondrostei of many authors, are 
also taken to include the Heterocerci, as represented by the extinct 
PalcBoniscidcE, The following are some of the leading features of 
the group as thus defined. The paired fins are non-lobate ; the 
pectoral girdle, which in the typical forms retains its primitive 
endobkeletal cartilages, develops dermal bones, among which the 
infraclavicular (fig. 913) is characteristic; the dermal rays of the 
dorsal and anal fins are more numerous than their supporting carti- 
lage.^ , or interspinals, of the endoskeleton ; while in the paired fins 
these dermal rays have to a great extent replaced the original carti- 
lages. In the skull the cartilaginous cranium persists in the typical 
forms, but in all cases it is overlain by a series of dermal bones ; the 
preopercular, when present, tends to extend on to the cheek ; bran- 
chiostegal rays are generally present ; but there are never large 
jugular plates. The notochord is persistent, but there are either 
cartilaginous or bony neural and haemal arches ; the tail is heterb- 
cercal, and the skin may be either naked, or dotted over vith bony 
scutes, or covered with rhomboidal scales. 

Mr Smith Woodward remarks that the typical forms of this sub- 
order constitute a link connecting the cartilaginous Ganoids with 
these fishes in which the bones are fully developed, and that their 
paired fins are more specialised than the median ones, which have 
not yet attained a numerical equality between the fin-rays and their 
supporting interspinals. ^ 

Family AciPENSERiDiE. — The well-known Sturgeons (fig. 91 1), 
which form the typical family, are large fresh-water fishes, charac- 
terised by their elongated body, produced snout, toothless jaws of 
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the adult, the presence of five rows of scutes formed of true bone 
on the body, and the sculptured cranial bones. The representatives 
of the existing genera Acipenser (fig. 91 1) and Scaphirhynchus are 
found in many of the larger rivers of the Northern Hemisphere. 
Scutes referred to Acipenser occur in the London Clay, and in some 
higher Tertiary beds ; while spines from the English Upper Eocene 



Fig. 91 T. — The Sturgeon {Acipemer gturioj. Much reduced. 


and the Pliocene of Montpellier probably also belong to the same 
genus. A single scute has also been described from the Miocene 
of Virginia under the same name. 

Family Polyodontid^. — In this family, now represented by 
Polyodon of the Mississippi and Fsephurus of two rivers in China, the 
skin is typically nearly or quite naked, the mouth is of enormous 
width, and the jaws carry minute teeth. In a fossil state this family 
is represented by Crossopholis^ from the Eocene of Wyoming, which 
displays many points of resemblance to Polyodon^ but is remarkable 
for the possession of small pectinated scales, which are not confined 
to the upper lobe of the tail. The cranial bones are of the type of 
those of Polyodon^ but the shorter rostrum indicates a resemblance to 
Psephurus, The scales are numerous, and are arranged in oblique 
rows, which are not quite in con- 
tact with one another. The reten- 
tion of the scales in this genus in- 
dicates that we have to do with a 
much less specialised member of 
the family than the existing forms. 

The genus Macropetalichthys^ from 
the Devonian of both North Amer- 
ica and the Eifel, has frequently 
been referred to the PolyodontidoK^ 
but without any sufficient evidence, 
and its serial position must for the 
present remain undetermined. The 
cranium (fig. 912) is rfiort and 
broad, with the orbits completely surrounded by bone, and the 
middle line occupied anteriorly by a diamond-shaped ethmoidal 
shield, which articulates posteriorly with a process from the squared 
hinder shield. 



Fig, 912 — Diagnram of the frontal aspect 
of the cranium of Macropetalickthys Svllt- 
vani i from the Devonian of North Amer- 
ica. Much reduced. (After Newberry.) 
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As an Acipenseroid of uncertain position may also be mentioned 
the imperfectly known Pholidurus^ of the English Chalk — the tail 
of which presents some resemblance to that of Psephurus. A huge 
fish from the English Upper Lias, named Gyrosteus, is evidently 
also an Acipenseroid agreeing with the type genus in the absence 
of teeth, but having a naked body. It differs also considerably 
from the type of the next family, and its position must remain 
uncertain. 

Family CnoNDROSTEiDiE. — ^This family is formed for the recep- 
tion of the one comparatively small fish constituting the genus 
Chondrosteus from the English Lower Lias. According to Dr 
Traquair, although there is no evidence of a long snout (fig. 913), 
this genus resembled Polyodon in the general form of the fins, and 
of the nearly«naked body ; but in other respects — such as the form 
of the cranii bones and the absence of teeth — approaches Acipenser, 
Certain features also appear to indicate distinct affinity with the 



Lci 


Fig, 913. — Profile view of the head of Ckondrosieus acipen&eroidesl from the Lower Lias of 
Dorsetshire. Reduced. Frontal ; Postfrontal; Parietal ; sq^ Squamosal; s.t^ One of 
the supratimporals ; Posttcmporal ; s.cl^ Supraclavicular; c/, Clavicular; i.c/, Infraclavic- 
ular; Op^cuJar; Subopercular ; hr^ Branch iostegals,* c.A, Ceratohyal; ag. Angular; 

mXt Maxilla Jugal; k.m^ Hyomandibular ; s.o. Suborbital. (After Traquair.) 

PalcBonimdcB ; and since the latter are evidently allied to the higher 
bony Ganoids, Mr Woodward suggests that they or allied forms 
’^may l|jive given origin to two series, one of which culminated in the 
Teleosteans, while in tihe other ** the only advance has been in the 
matter of size, and this accompanied by a certain amount of de- 
generation, culminating in Acipenseroids proper.” 

Family PALdEONisciDiE. — This and the next family constitute the 
suborder Heterocerd of some writers. In the present family the 
body is fusiform, and covered with rhomboidal scales ; the vertebral 
arches are ossified, but there are no bony ribs ; the dorsal fin is 
single and short ; all the fins have large fulcra at their bases ; the 
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cranial bones are covered with ganoine, and mostly sculptured ; the 
mouth is large; the first branchiostegal rays form jugular plates; 
there is a row of median V-shaped scales on the superior surface of 
the extremity of the body ; and the teeth are small, conical, or cylin- 



Fig. 014. — Left lateral view iit the skull of PaUeonUcut macro^mus; from the Permian, 
Parietal; / Frontal; SauanMKal ; s.tf Supratemporal ; Posttemporal; g, Ethmoid; a./, 
Prefrontal ; /mmt, Premaxilla ; Maxilla ; co, sa^ so^ Suborbitals ; d. Dentary ; <7/, Oper> 
cuUr ; Preopcrcular ; rV/, Suoopercular ; try Branchiostegals ; c/. Clavicular ; scly Supra- 

clavicular; pcly Postclavicular ; icly Infraclavicular ; or^ Orbit. (After Traquair.) 

drical, and rarely plicate at the base. The chief characters of the 
bones of the skull and of the secondary pectoral girdle are shown in 
fig. 914, in which it will be seen that the preopercular covers a por- 
tion of the face above the large and broad maxilla. Dr Traquair 
observes that if a Palaeoniscid were stripped of its scales and fur- 
nished with a long snout, it would be so like Polyodon that there 
would be no doubt as to their near relationship ; and he further 
remarks that the one row of V-shaped scales found on the dorsal 
side of the extremity of the body in Polyodon is identical with the 
row of scales occupying the same position in Palceoniscus. This 
leads to the conclusion that the existing Sturgeons are the «urvivors 
of a series of Ganoids, now totally lost, which formerly gave off the 
Paiaonisetdee and PlatysomidcB as specialised branches. 

This family embraces such a large number of genera, that space< 
permits of but little more than their bare enumeration. In the 
Devonian ChirokpiSy found both in Europe and Canada, tbp body 
is slender, and the fins are large, with the rays very finely divided ; 
while Phabdokpis (fig. 915) of the Rothliegendes (Lower Permian), 
while having fins of somewhat similar structure, is distinguished by 
the deeper and more spindle-shaped body. Cosmoptychiusy of the 
Scotch Carboniferous, is allied to RhabdokpiSy but has the anal fin 
with a longer base* In the t3q)e genus Palaoniscus (figs. 914) 9 ^^) 
the body is much elongated, and the fins are very small and widely 
separated. It occurs in the Kupfer-Schiefer and Magnesian Lime- 
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stone (Middle Permian) of Germany and England ; and one species 
has be^ said to occur in the English Trias. That species is, how- 
ever, now referred to the Dapediidm; but a true Fakeoniscus is 
recorded from the Hawkesbury beds of New South Wales, which 
may be of Triassic age. The remaining better known genera are 
Elofuchthys^ from the Carboniferous of Europe and America ; Acro- 



Fig. 915 . — RhohdaUpis macropiera ; from the Lower Peflbian of Saxony. Reduced. 
(After Agassiz.) 


/e/fzSy ranging from the Permian to the Carboniferous, and perhaps 
to the Devonian, of Europe ; Nematoptychius^ CycloptychiuSy Micron- 
odus, and Gonatodus, from the British Carboniferous; the gigantic 
Ambfypterus, of the German Permian ; Rhadinichthys, from the Car- 
boniferous of both Europe and North America; Eurylepis, from 
the Carboniferous of Ohio; Holurus, Canobius, and Fhanerosteon, 
of the Scottish Carboniferous ; Fygopterus, of the German Permian ; 
Myriolepis, from the Hawkesbury of New South Wales ; Urosthenes, 
from the underlying Newcastle group of the latter country ; Gyro- 



T\z^gi(t.-^P»la!Oniscus ; from the Middle Permian of Germany. Reduced. 

(After Traquair.) 


kpis, from the Middle Trias of the Continent; and Oxygnathus, 
Cosf/wlepis, Thrusoleph^ Centrolepis, and Lissolepis, from the Eng- 
lish lias. Here also may be mentioned the genera Spharolepis, of 
the pOTnian of Bohemia, and Coccokpis, of the Kimeridgian of Bavaria, 
which, although having cycloidal imbricating scales, appear to be 
allied to the pmsent family. 
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Family PLAXYSOMiDiB. — The PlatysomtdcB agree with the preced- 
ing family in the characters of the vertebral column, fins, scales, and 
the main cranial structure, but diifer by the body becoming deep 
and short, with an ovoid or rhomboidal contour, and also by minor 
modifications in the cranial structure. The teeth are small, and 
may be either sharp or obtuse. The chief difference in the struc- 
ture of the skull consists in the deflection of its axis below that of 
the vertebral column, instead of being continuous ; while the hyo- 
mandibular, instead of being very oblique, becomes nearly vertical, 
and the ethmoid is elongated. These changes cause the mouth to 
be separated widely from the orbit, the jaws to become “ prognath- 
ous,” and the gape of the mouth itself to be much reduced ; they 
are readily apparent by contrasting the figure of PalaonUcus with 
that of Chirodus^ Dr Traquair regards this family a group of 
specialised forms descended from the Palaoniscidm ; their external 
resemblance to the DapediidcB being probably due merely to adap- 
tation to similar conditions of life, and not indicating a real affinity. 
In Eurynotus (fig, 91 7 J the contour of the body is not so greatly 



Fie. 0x7 -^Eurynotus crtnaius ; from the Carboniferous of Scotland. Reduced. 
(After Traquair ) 


removed from the Palaeoniscid type ; the pectoral fin is large, the 
dorsal also large, and beginning above the pelvic, while the base of 
the anal is short. This genus occurs in the Carboniferous of Scot- 
land and Belgium. In Bemdenius, of the Belgian Carboniferous, 
the body becomes more oval, and the dorsal fin is placed more pos- 
teriorly. More or less nearly allied to this group are MesolepiSy of 
the British Carboniferous ; Eurysamus, of the Middle Permian of 
England and Belgium ; and IVardichthys^ of the Scottish Carbon- 
iferous. In Chiradus (fig. 918), of the British Carboniferous, the 
body is rhomboidal ; the dorsal and anal fins have a long base, 
short rays, and an anterior spine ; while the pelvic fin is unknown, 
and the pectoral small. Closely allied, again, is Chtrodopm^ from 


CLASS PISCES. 


980 

the same horizon. The last and type genus Platysomus (figs. 919 
and 920) is represented by a large number of species, ranging from 
the Carboniferous of England and North America to the Middle 



Fig. 918 . — Chirodus groHMlosus; from the Carboniferous of Scotland. Reduced. 

(After Traquair ) 

Permian of England and the Continent The contour of the body 
is less rhomboidal than in Chirodus ; the dorsal and anal fins have 
no anterior spines ; the pelvic fin is very small, and but seldom pre- 
served ; while the pectoral is of medium size. 



Suborder' S^ fUtyiDOSTEoiDEA, — In the Lepidosteoids the paired 
6ns are non4otxde ; there is no iniraclavical^ bone ; the rays of 
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the dorsal and anal fins correspond in number with their supporting 
interspinous bones ; the opercular bones are like those of the Tele- 
ostei ; there is frequently a median jugular plate on the first pair of 
branchiostegals ; the development of the vertebral column varies ; 
the tail is of the masked heterocercal type ; and the scales are rhom- 
boidal, or may be occasionally replaced by angular scutes. This 



suborder is represented at the present day by the somewhat aber- 
rant Lepidosteida, and also by a large number of Mesozoic forms 
ranging from the Trias upwards. As already mentioned, the exter- 
nal resemblance of the Dapediidm and PycnodontidoR to the Platy- 
somidcB is not regarded by Dr Traquair as indicative pf real affinity. 

Family Dapkdiwm. — In this family, which by some writers is 
subdivided and known as the Saurida and Styhdpntida^ the body 
is either fusiform or ovate; the opercular bones present certain 



Fig 93t . — StmicHOtns Kafffi ; from the Keuper of WClrtemberg. F»as.) 

characteristic features ; the upper lobe of the Sody^s of the tail, 
and usually the anterior borders of the other fins, have wellrdevel- 
oped fulcra ; the vomer and jaws carry sevend rows of small teeth, 
of which the outermost are curved and resemble cla^ i^ffehahne ) ; 
and the ossification of the vertebral column is Among 

the genera with fusiform bodies, one of the best known ia Sefnwnotus 
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(fig. 92j), wliich is widely spread over Europe, Accorfing to Dr 
Deecke, this genus is represented in the Bunter and Muschelkalk ; 
it is common in the Keuper, or Upper Trias, and thence ranges to 
the Kimeridgian, or Upper Jurassic. It has also been recorded 
from the Stormberg beds in the uppei^ part of the Karoo system of 
South Africa ; and it appears to be also represented in the Trias 
of North America, where it has received the name of Ischypterus, 
In these fishes the dorsal fin is small, the inequality of the scaled 
portion of the caudal strongly marked, and there is a row of large 
spine-like scales on the middle line of the back. Other more or 
less nearly allied forms, of which some were formerly included in 
Palceoniscus^ are Acentrophorus^ from the British Permian ; Cato- 
pterus^ from the North American Trias ; and Dictyopyge^ from the 
Trias of both. England and North America, the type species of the 
latter having been originally named Falceonisctis super stes. In 
Heterolepidoius, typically from the Lower Lias of England, and 
Heterostrophus^ from the Kimeridgian of Bavaria, we have genera 
in which the contour of the body is more like that of the type genus. 
Heterolepidotus, according to Dr Deecke, is also represented in the 
Muschelkalk, and survived to the Kimeridgian. The name Allo- 



Fig. pkolidotm ; from the Upper Lias of Wartemberg. Reduced. 

lepidotus is Implied to allied types also represented in the Muschel- 
kalk. Dapedius (fig. 922), in which ABchmodus may be included, 
comprises a numj^er of medium-sized fishes with broadly ovate 
bodies, ranging ki Europe from the Keuper to the Lower Jurassic, 
but also occurring' in the Kota beds of the Indian Gondwanas, which 
are somewhat higher than the Maleri beds from which Ceratodus is 
obtained. The dorsal and anal fins have elongated bases, and the 
inequality between the upper and lower lobes of the scaled part of 
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the caudal %n is comparatively slight. In typical species tiae teeth 
are simple, while in others (on which jEchmodus was founded) they 
are forked at their summit ; since, however, both types are occa- 
sionally found in a single sp^ies, they do not afford grounds for 
generic distinction. The so-called Amblyurus has been founded on 
crushed Liassic specimens of Dapedius, Allied forms are Pleurolepis 
and HomcBolepis^ from the Upper Lias of Wiirtemberg. In Tetra- 
gonolepisy of the European Lias and the Kota beds of the Indian 
Gondwanas, the body resembles that of the type genus, but the form 
of the dorsal and anal fins is different, the caudal fin is nearly sym- 
metrical, and the vertebral centra develop rings of bone ; all these 
characters approximating to the next family, in which Sir P. Egerton 
placed both this and the following genus. Clithrolepis is an allied 
genus typically from the Wianumattu and Hawkesbury beds of New 
South Wales, but also occurring in the Stormberg beds of the South 
African Karoo system, and not improbably in the Indian Kota beds ; 
all these strata being of approximately equivalent age. 

Family Pycnodontid^. — The Pycnodonts form a compact 
group, ranging from the Lias to the Eocene, in regard to the serial 



Fig. 023. — Dentition, scales, and vertebral column of Pycnodoits : «, Jaw>iik «nd 3 , vomerine 
and mandibular teeth of Microdon; c, Do. of Calodus ; Vertebral column <A P^iatobtUistMm ; 
r, Do, of PycHodus ; S^les of Gyrodus, The dentition is greatly reduced. 

position of which very divergent views have been -entertained. Dr 
Traquair is, however, disposed to regard them as specialised forms 
connected with the Dapediidet and Lepidotid(By and they are accord- 
ingly here placed between those families. This family has been 
recorded from Europe, Asia Minor, North America, ^d Australia, 
and presents the following characteristics. The body is of a rhomb- 
VOL. II, ^ 
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oidal shape, presenting a striking resemblance in this respect to 
the Fiatysomidce ; the caudal fin is of a completely masked hetero- 
cercal type, and there are no fulcra to the fins. The notochord is 
persistent, but the neural arches and ribs are ossified, and in the 
later forms the heads of the latter (fig. 923) are enlarged, so as to 
simulate portions of vertebral centra. The premaxillae are toothless; 
the conjoint palatines and vomer form a triangular bone (fig. 923), 
carrying five longitudinal rows of oval or round molariform teeth, 
while in the mandible the dentary bones, which form the extremity 
of the symphysis, have two or four chisel-like teeth, and the splenials 
are enlarged and carry on either side from three to five or more 
rows of molariform teeth (fig. 923) opposed to those of the former. 
Commencing with the typical genus Fycnodus^ we find this, as now 
defined, resfticted in Europe to the Lower Eocene of Sheppey and 
the Middle Eocene of Monte Bolca in Italy. There are only three 
rows of teeth on either side of the mandible, of which the innermost 

is the largest ; while on 
the vomer the teeth of 
the three inner rows are 
round, and those of 
the two outer rows are 
larger and oval. Other 
characters are found in 
the position of the 
orbit, the large size of 
the mouth, and the 
superiority in the length 
of the dorsal as com- 
pared with the anal fin. 
A fish from the Creta- 
ceous of Brazil has been 
referred by Professor 
Cope to this genus. 
The allied Fakzobalis- 
turn (fig. 923, d)^ in 
which all the upper 
teeth are subequal, 
occurs in the Chalk 
of the Lebanon, the 



Cretaceous Pisolite of 
Mont Aim^ in France, 

and also in * the Middle Eocene of Monte Bolca. The greater 
number the Cretaceous forms are, however, referable to the 
genus AcroUmnus Cmlodus^ which comprises some species attaining 


^ The name Coetodus being preoccupied by Caledon^ the term AcroUmnus^ pro- 
posed ty Agassiz for detached teeth, is adopted. 
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a large size. The vomerine teeth (fig. 924) of the middle row are 
elliptical, and much larger than either of the others, while there 
are usually three rows on either side of the mandible, although 
these are occasionally increased to four. The dorsal fin extends 
in advance of the anal. This genus ranges from the Gault to the 
Chalk, and is widely spread through Europe. In Mesodon we 
have a genus ranging from the English Lias to the Lower Kimer- 
idgian of Bavaria, and not improbably also represented in the 
Lower Greensand. Here the vomerine teeth of the middle row 
are larger than the teeth of the other rows, which are exceedingly 
small, and in the outermost line have a wart-like surface. Allied 
genera are Mesturus and Athrodon from the Kimeridgian of the 
Continent. 

Stemmatodus (fig. 925), which comprises two small "species from 
the Lower Cretaceous of Italy, is characterised by the great length 



Fig. 925 . — Stemmatodus rhombus; from the Lower Cretaceous of Italy. 


of the dorsal and anal fins, and also by the concave surfaces of the 
molariform teeth, which are of subequal size. Microdon is another 
allied genus, ranging in Europe from the Kimeridge to the Purbeck. 
The arrangement of the teeth, and the peculiar structure of the 
heads of the ribs are shown in fig. 923. In fyrodus we seem to 
have the most specialised members of the entiffe family, all of them 
being characterised by the sculptured crowns of the molariform 
teeth. The vomer is very narrow, and has the teeth subcircular, 
those of the middle row being much the largest ; while in the man- 
dible there are four rows on either side, of which the first and third 
are the larger. This genus is especially abundant in the Lower 
Kimeridgian lithographic limestone of Bavaria, but it also ranges 
upwards into the Chalk of Sussex, and downwards into the Lower 
Jurassic Stonesfield Slate. Finally, Coccodus is founded on an im- 
perfect specimen from the Chalk of the Lebanon really belonging 
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to this family, but which has been referred to the Teleostean 
Siluroids. 

Family LEPiDOTiDiE (Sph/erodontid^). — In the LepidoHd<z the 
body is more or less fusiform, the upper scaled portion of the tail is 
longer than the lower, and the fulcra of the fins are well developed. 
The palatine, vomer, maxilla, and dentary carry rows of knob-like 
teeth (fig. 926), while the premaxilla is furnished with teeth of a 
chisel-like form. The type genus Lepidoius (fig. 926), with which 
Spkcerodus is in great part identical, has a wide distribution both in 
time and space. Thus, in Europe it ranges from the Muschelkalk, 
or Middle Trias (where its scales have been described under the 
names of Dactylokpis and ThoUodus) to the Chalk, and it also 
occurs in the Kota group of India, and the Cretaceous of Brazil 
and of NortR America. The large button-like teeth of L. maximus 
are abundant in the Kimeridge Clay, and specimens have been 



Fig. g2&f-^£,»^tdotus maximus ; from the Kimeridgian of Bavaria. Reduced. Larger 
P views of teeth and a scale are given in the corners. 


found comprising nearly the whole palate, and exhibiting the curious 
manner in which the replacing teeth gradually turn over as they 
come into use. The names Nephrotus^ Cenerodus^ Omphcelodus^ 
Hemilopus, and Askrodon, have been applied to molariform and 
chisel like teeth belonging to members of this family from the Trias 
of Silesia and Thuringia; while teeth of the latter type from the 
bone-bed of the same period, in both Wurtemberg and England, 
described under the name of Sargodon^ should, perhaps, be likewise 
placed here ; and Neorhombokpis^ of the English Chalk, appears to be 
an allied form. 

Family Eugnathid.® (Saurodontid^). — The body in this 
family is long and slender ; the snout short ; the fins have fulcra, 
the caudal being of ,a partially or completely masked heterocercal 
type ; the vertebral centra may be either imperfectly or fully ossified, 
-and the teeth are pointed. The range in time of this family extends 
iimtn the Upper Trias to the Neocomian of Europe, but may, per- 
haps, also include the Chalk. In the typical group we have jSu- 
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gnathus ranging from the Keuper to the Kimeridgian, while in the 
Lias we find Platysiagum and Ptycholepis^ and Pholidopleurus and 
Peltopieurus in the Keuper. A second group is represented by 
Pleuropholis^ of the Kimeridgian of Bavaria, and also by Thoraco- 
pterus and Pterygopterus of the Keuper, the latter being distinguished 
by the absence of the pelvic fins. The genus Pholidophorus in- 
cludes small Fishes somewhat resembling a Carp in form, which 
range from the Muschelkalk to the Purbeck. A fish from the 
Muschelkalk, originally described as Pholidophorus porro^ has been 
made the type of the genus ProhaleciteSy on account of peculiar 
features in its squamation. Larger forms are ranked under the 
genera Isopholis of the Lias and Kimeridgian, and Ophiopsis, which 
extends from the Lias to the Purbeck. Of the remaining genera 
we have Eusemius and Propterus in the Kimeridgian *of Bavaria ; 
Notagogus from the latter deposits, and also in the Lower Greensand 
of Italy ; Histionotus in the Bavarian Kimeridgian and the English 
Purbeck ; Macrosemius ranging from the Stonesfield Slate to the 
Kimeridgian of Bavaria ; and Legnonotus from the English Lias. 
Lophiostomus^ from the Chalk of Sussex, may perhaps be placed 
here, although its skull approximates to that of Amia. The scales 
are pitted, and have a pectinated posterior border. 

Family AsPiDORHYNCHiDiE (RHYNCHODONTiDi*E). — In this family 
the body is much elongated, and covered with scales of unequal 


B 



Fig. 927. — A, The Gar-pike {Le^idosieus osseus). Recent. North America, b, Aspido' 
rkynckus; from the Jurassic. Both much reduced. 


sizes ; the skull is produced into a short rostrum ; the caudal fin is of 
the masked heterocercal type ; the fins carry fulcra ; the vertebra 
have ossified rings ; and the teeth are either blunt or sharp. This 
family is represented only by the Mesozoic genera Aspidorhynchus 
and Belonostomus^ in both of which the dorsal fin is placed above 
the anal. In the former (fig. 927, b), which ranges from the Lias to 
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Jhe Purbeck, the length of the upper jaw exceeds that of the lower, 
and in advance of the mandibular symphysis there is a predentary 
bone (not shown in the figure) apparently corresponding to the one 
found in certain Dinosaurs. In Belonostomus^ which, as now re- 
stricted, ranges from the Lower Kimeridgian of Bavaria to the 
Chalk, the predentary bone is so much elongated as to make the 
upper and lower jaws of nearly equal length, and the predentary 
carries a median row of large conical teeth, flanked by two rows of 
minute teeth ; the teeth of the normal bones of the jaws having 
mammilated crowns adapted for crushing. 

Family BELONORHYNCHiDiE. — This family name has been pro- 
posed by Mr S. Woodward for the remarkable genus Belonorhynchus^ 
t5q)ically occurring in the Upper Trias of Carinthia, but also found 
in the LowSr Lias of Dorsetshire, where the specimens had been 
originally referred to Belonostomus, According to the writer quoted, 
Belonorhynchus was allied to the latter genus, having a similar long 
and slender body, with the same general position and structure of 
the fins, and probably furnished with a predentary bone. The fulcra 
of the fins were, however, either absent or very minute ; and, with 
the exception of a median dorsal and ventral series of scutes, and 
another series on the lateral line, the body was naked. The im- 
perfectly known Saurichthys^ from the Rhaetic of Bristol, is a closely 
allied, if not generically identical, type. Specimens of the upper 
jaw show that (as in Belonorhynchus) the bone was covered with fine 
tubercles, and that the maxillae gave off horizontal palatal plates, like 
those found in Amphibians and Reptiles. 

Family Lepidosteid^e. — The Gar-pikes of the genus Lepidosteus 
(fig. 927, a), inhabiting the freshwaters of Northern and Central 
America and Cuba, agree with the Aspidorhynchidce in the general 
contour of the body and the arrangement of the fins ; but the 
rostrum of the skull is much longer, and the tail distinctly hetero- 
cercal. The scales are lozenge-shaped. The existing genus appears 
to be represented in the Lower Eocene of France by a species (Z. 
Maxintiliani) formerly referred to Lepidotus ; and it may also occur 
in the Upper Eocene (Oligocene), where a species described under 
the name of Naisia has been referred to it. In North America we 
have also Fneumatosteus, from the Miocene, and Clastes^ from the 
Lower Eocene, both being freshwater forms, and the latter also 
occurring in the Eocene of Rheims. 

Suborder 7. Amioidea. — According to Dr Traquair^s classifi- 
cation, the last and most specialised suborder of the Ganoids is 
typically represented by the existing Amta and a series of Mesozoic 
genera approximating more or less closely to the Teleostei. In 
tli«se forms the paired fins are non-lobate ; the infraclavicular bone is 
absent ; the operculars are Teleostean ; the branchiostegals have a 
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median jugular plate; the vertebrae are more or less completely 
ossified ; the tail is masked heterocercal ; and the scales are thin and 
usually cycloidal. In all cases the teeth are small and pointed. It 
is probable, indeed, that in the Mesozoic representatives of this 
group we have forms closely allied to the ancestors of the Teleostei, 
and it is more than likely that future discoveries will sho^y a com- 
plete passage between the Ganoids, as represented by this suborder, 
and the Teleosteans. 

Family PACHYCORMiDiE (Microlepidoti). — According to Pro- 
fessor Zittel, Pachycormus and its allies should be placed in this sub- 
order, although other writers have regarded them as more nearly 
related to the Dapediidce. In these forms the scales, although thin 
and imbricating, are subrhomboidal, and the vertebral column is 
very incompletely ossified. The chief genera, which are European, 
include Pachycormus^ ranging from the Lias to the Oxford Clay 
(Middle Jurassic) ; EndactiSy from the Lower Lias ; Euthynotusy of 
the same horizon ; and Hypsicormus, Sauropsisy and Agassiziay of 
the Lower Kimeridgian of Bavaria. 

Family Caturid^e. — The Caturoids are a family of Salmon- 
shaped fishes, varying greatly in size, and ranging in time from the 
Lias to the Chalk, but especially common in the Kimeridgian litho- 
graphic limestones. The vertebral column may be either very imper- 
fectly or completely ossified, the tail is more or less deeply forked, and 
the fins have fulcra. Caturus itself comprises a number of species, 
some of which are of large size, and two of which are represented in 
figs. 928, 928 bis. The scales are very like those of the Teleosteans, 



Fig. 928. — Skeleton of Caturus fureatus ; from the Kimeridgian of Bavaria. Reduced. 
Pectoral ; Vt Pelvic ; a, Anal ; c, Caudal ; Dorsal fin. 

but still retain the Ganoid character of an inferior layer of bone and 
an upper one of enamel. The dorsal fin is placed immediately above 
the pelvic. This genus ranges from the Lias to the Kimeridgian, 
C, maximus attaining a length of three feet. StrobiloduSy horn the 
Kimeridgian of England and the Continent, is a closely allied if not 
identical genus. Other genera are Jsocolumy from the Dorsetshire 
Lower Lias ; and the Jurassic Liodesmusy EurycormuSy OligopleuruSy 
(Enoscopus {Attak€Opsis)y Macrorhipis, and JS^thalion, Oligopleurus 
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has the dorsal fin placed behind the pelvic ; and in this and several 
W #e*^ther genera the vertebrae consist of the upper and lower 

horse-shoe-shaped elements mentioned 
^ in the preliminary notice of the order. 

^ Family LEPTOLEPiDiDiE. — Ofstrik- 

^ similarity in external contour to 

the Caturoids is the genus Leptolepis 
(fig* 929), which is placed by Dr 
V , - j Gunther next to that family, although 

^ I some palaeontologists regard it as a 

j Teleostean. The vertebral column is 
f fully ossified, and the fins are with- 

^ ^ out fulcra. In this genus, which 

^ ranges from the Lias to the Kimer- 

1 ;^- idgian, the dorsal fin is placed im- 

mediately over the pelvic; but in 
Thrissops^ of the Kimendgian, it is 
above the anal. In external charac- 
ters these Fishes cannot be distin- 
^ guished from Teleosteans ; and it is 

I probable that they are intimately 
i connected with that order, even if 
' they should not be placed in it. 

Family Amiid^. — I n the Amioids 
vertebral column is fully ossified, 
WfjB I and in the caudal region has a series 

i of centra bearing the neural and 
haemal arches, which alternate with 
’ intercentra devoid of such append- 
JKW ages. Fulcra may or not be pres- 

' ‘l/’i caudal fin is convex, 

Jp ^ I with the extremity of the vertebral 

T « 1 Iks column bent sharply up into the 

^ upper lobe. In Megalurus^ of the 

^ , Purbeck and Kimeridgian, fuicra are 

tioHf^cUusi from the Kimendgian of present, and the dorsal fin is short, 
F™«. One-balf natural (AX..r advance of 

the pelvic. Lophiurus^ from the 
same horizon, and Opsigonus and Amiopsis^ of the Lower Chalk, 
are other genera, of which the first two are nearly related to 
Megalurus, The existing Amia^ of the fresh waters of the southern 
United States, has no fulcra, and the dorsal fin occupies three- 
quarters of the length of the body. It appears probable that this 
genus is represented in the Upper Eocene (Lower Oligocene) and 
the Lower Miocene of the Continent, where its remains have been 
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described under the names of Cyclums and Notceusf and it also 
occurs in the Eocene of Colorado and Wyoming, where it Ja&s 
described as Protamia and Hypamia, The Eocenes of the latter 
district and of Rheims have also yielded the allied Pappichthys^ 



Fig. 939. — LeptoUpis sprattiformis ; from the Kimeridgian of Bohemia. 
Letters as in hg. 938. 


in which there is but a single row of teeth \ and members of this 
family may occur in the Chalk of the Lebanon* 

iNCERTiE Sedis. — The remarkable genus Dorypterus^ of the Per- 
mian of Hesse and Durham, may be conveniently noticed here, since 
its position is very problematical. In this remarkable fish the body 
is shaped somewhat like that of a Sunfish, and the anterior part of 
the dorsal fin is taller than the whole depth of the body. There 
are, moreover, the Ganoid characters of fulcra to the fins, and the 
notochordal condition of the vertebral column ; but, on the other 
hand, there are no ganoid scales, and the pelvic fins are placed in 
advance of the pectorals, as in some of the Teleostei. On account 
of this curious combination of characters. Professor Cope has pro- 
posed to make Doryptenis the type of a special order, the Dory- 
copter i, with the family Dorypteridce, 
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CLASS PISCES — continued. 

Order Teleostei. 

Order VL Teleostei. — The last, and in many respects the 
most highly organised, order of Fishes is the Teleostei, which in- 
cludes the greater number of existing forms, and (unless some of 
the genera here placed in the Amioidea belong to it) does not date 
back beyond the Cretaceous. The Teleostei are in all probability 
descended from the Ganoids, and occupy in the class a somewhat 
analogous position to that held by the Squamata among the Reptiles 
and the Passeres among Birds ; all traces of Amphibian affinities 
having been entirely lost in this order. 

It is impossible to give a» definition of the order by which it can 
be sharply separated from the Ganoids, but the following are its 

most characteristic fea- 
tures from a palaeon- 
tological point of view. 
The body is usually 
covered with thin elas- 
tic, cycloid, or ctenoid 
scales (figs. 832, 833); 
but bony scutes or gan- 
oid scales are occasion- 
ally present. The whole 
of the endoskeleton is 
well ossified; and the 
gills are freely suspend- 
ed in a gill-cavity cover- 
ed by a well-developed 
operculum (fig. 930). 
The caudal fin of the 
adult is of that completely masked heterocercal type usually termed 
homocercal (fig. 931). The pelvic fins may be either abdominal 



Fig. 930. — Skull of Trout Reduced. Letters 

as in fig. 843, p. 917. 
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or placed in advance of the pectorals. The fin-rays may or may 
not be articulated ; and there are never fulcra on the fins. There 
are two pairs of nasal openings on the top of the head. Other 
characters are found in the soft parts which are not usually avail- 
able in the case of fossils. 

It may further be observed that Teleosteans agree with Ganoids 
in the hyostylic structure of the skull, and that cranial bones and a 
secondary pectoral girdle (fig. 844) are always developed. The 
arrangement of the cranial bones in a typical Teleostean is shown 
in fig. 930, where it will be seen that the preopercular (Fr) does not 



Fig. 931, — Skeleton of the Perch {Perea Jluviaiilts), ^j.educed. Letters as in fig, 836, p. 913. 


extend on to the face as it does in some Ganoids. In certain forms, 
however (StluridcB), the cranium develops large bony plates, articu- 
lating with others in the cervico-dorsal region, and presenting a 
striking resemblance to some of the cartilaginous Ganoids. In the 
same group strong spines, articulating with the underlying bones, are 
developed in the pectoral and dorsal fins ; while the Salmonoids, many 
Siluroids, and others develop behind the rayed dorsal an additional 
fin without rays, to which the name adipose or fatty fin is applied. 

According to Dr Gunther’s classification, the Teleostei are divided 
into six suborders, but other writers would group the last five of 
these together under the name of Physoclysti, as of equivalent value 
to the first, or Physostomi. The former arrangement will be fol- 
lowed here, but only such families as are of importance to the 
palaeontologist can be noticed. 

Suborder i. Physostomi. — In this suborder the swim-bladder, 
when present, is connected by a duct with the pharynx ; the pelvic 
fins are generally abdominal in position, and have no spine ; while 
all the fin-rays are articulated, but sometimes only the first rays of 
the dorsal and pectoral fins are ossified. This suborder comprises 
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the most generalised Teleosteans, and those most nearly connected 
with the bony Ganoids. 

Family SALMONiDiE. — The members of this and the next family 
are so intimately connected by fossil forms, that it is very difficult 
to draw any distinction between them, and it has accordingly been 
proposed by some writers that they should be united under the 
name Haleddce. The fossil genus Halec is, however, very imper- 
fectly known, and if it be eventually found advisable to merge the 
two families, it would seem preferable to employ the name Salmon- 
tdce in this wider sense. Existing Salmonoids are characterised by 
the presence of an adipose dorsal fin, and by the premaxilla and 
maxilla forming the borders of the mouth, and both bearing teeth. 
There are no scales on the head, and no barbels to the mouth. 
Recent Salmcmoids are either marine, or inhabitants of the fresh- 
waters of the Northern Hemisphere. Remains of the existing 
marine genus Osmerus (Smelt) occur in the Upper Greensand of 
Germany, the Lower Eocene of Glarus, in Switzerland, and the 
Miocene of Licata, in Sicily ; while nodules of unknown age found 
in Greenland and Canada enclose a species of Mallotus indistinguish- 
able from the existing M. villosus of the former region. As forms 
connecting the Salmonoids with the Clupeoids we may notice Aulo- 
iepis, Acrognafhus, and Osmeroides^ from the English Chalk. The 
first has a rounded body and a depressed head, with minute teeth, 
and the pelvic fins abdominal. In the second the orbits are of 
enormous dimensions, and the teeth extremely minute. The third 
genus (fig. 932) is also abundantly represented in the Chalk of the 
Lebanon, and appears to have no adipose fin \ its skeleton in many 



Fig. 932 . — OsmeroteUs lewest^nsis ; from the Chalk of Sussex. Reduced. 


respects resembles that of the Clupeoids, but the ribs have not the 
peculiar structure of that group, ^rdinius, from the Chalk of the 
Lebanon, and Sardinoides from the same locality, and also from the 
Chalk of Westphalia, are more or less closely allied forms ; while 
Opistkopteryx^ of the Lebanon Chalk, may also be provisionally 
placed here. 

Family Clupeidae. — ^The existing members of the Clupeoid or 
Herring family differ from the Salmonoids by the absence of the 
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adipose fin, and the presence of peculiar dermal ossifications at the 
ends of the ribs, which form bony plates on the sides of the thorax. 
All the numerous forms are marine, and usually occur near the 
coasts. The type genus Clupea (Herring) occurs in the Miocene of 
Wiirtemberg, the Upper Eocene of the Isle of Wight, the Eocene 
of Wyoming and Glarus, and the Chalk of the Lebanon. The 



Fig. 933 — The Common Herring {piupea harengus). Reduced. 


common existing Herring is shown in fig. 933. The Lebanon 
Chalk has also yielded a species of the living genus Engraulis ; 
and the extinct genera Scombroclupea^ Leptosomus^ Ckirocentriies (also 
in Westphalia), and Spaniodon^ which are more or less closely allied 
to existing types. In the Eocene of the Continent we have repre- 
sentatives of the existing genera Engraulis (Anchovy) and Ckanos, 
and the extinct Platinx^ Ccslogaster^ and Crossognathus — the latter 
being allied to the existing Megalops, 

In this place we may conveniently notice a number of extinct 
genera more or less allied to the Clupeoids, but of which the family 



Fig. 934. — Skeleton of Rhitullus furcattii ; from the Cretaceous of the Lebanon. Reduced. 
(After Pictet and Humbert.) 


position is in some instances uncertain, and some of which retain 
indications of marked affinities to the higher Ganoids. One of the 
most remarkable of these is Rhinellus (fig. 934), in which the skull 


^ Preoccupied by Liptosoma, 
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is produced into a rostrum, occasionally equal in length to the 
entire body ; this genus occurs in the Chalk of the Lebanon, and 
is considered to show affinity with Opisthopteryx, Another group 
seems to be related to the existing Clupeoid genus ElopSy but also 
presents characters connecting it with the American freshwater 
family Charaanida, Among these we may notice Rhacokpis^ from 
the Cretaceous of Brazil ; and in Europe Elopides^ from the Lower 
Eocene of Glarus ; Eiopopsis^ from the Cretaceous of Bohemia and 
Istria ; Hemieiopopsis, in which the borders of the mouth appear to 
have been devoid of teeth, from that of Lesina, on the Dalmatian 
coast; and Protelopis^ of the Bohemian Cretaceous, characterised 
by the short jaws and the presence of crushing-teeth on the palate. 
Thnssopater, again, from the Folkestone Gault, differs from the 
modern Elopfhe type by its compressed body ; while Halec^ of the 
European Chalk, is still very imperfectly known. Alosa^ of the 



Fig. 935.— Skeleton of Diplomystus drevissimus; from the Chalk of the Lebanon. 


Eocene of Algeria, and Biplomystus (fig. 935), originally described 
from the Eocene of Wyoming, but subsequently found in the Creta- 
ceous of Brazil and of the Lebanon, are allied forms. The latter 
genus has a series of dorsal scutes, w^hich are very characteristic. 
Hemitrichias^ from the Tertiary of Northern Italy, differs from all 
existing Clupeoids in having two dorsal fins. 

Family PROTOSPHVRiENiDiE. — With this family we come to the 
first of a group comprising several families of extinct marine Fishes 
characterised by their large spear-like teeth, and hence termed 
Saurodonts. They should evidently be placed near the Clupeoids, 
although their division into families must be regarded as provisional. 
The present family is characterised by the production of the ethmoid 
in advance of the maxilla, to form a long cylindrical rostrum ; by 
the loose connection of the premaxillae with the maxillae ; and pro- 
bably also by the complexity of the mandible. The teeth were 
implanted in distinct sockets. The type genus Protosphyrmna 
(Erisichthe^ occurs in the Upper Cretaceous of both Europe and 
North America ; and the large spear-like teeth of P, ferox^ which 
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has the same distribution as the genus, are very common in the 
coprolitic beds of the Cambridge Greensand, and were for a long 
time referred to the American Saurocephalus lanciformis^ which was 
once thought to be a Reptile. These teeth are compressed, and 
without marginal serrations. The fins were provided with large 
ribbed spines, which were at one time referred to the Selachian 
genus PtychoduSy and subsequently were made the type of another 
genus under the name of Pelecopterus. 

Family DERCETiDiE (Hoplopleurid^e). — The members of the 
second family of Saurodonts are characterised by their elongated 
shape, their powerful dentition, and the presence of several series 
of large triangular scutes along the sides of the body \ there is 
but one dorsal fin in those forms in which the fins are known ; 
the teeth are not implanted in sockets ; and the skull is frequently 
produced into a rostrum. This family probably passes impercep- 
tibly into the next. 

The typical genus Dercetis (in which Leptotrachelus may be in- 
cluded) occurs in the Chalk of England, Bohemia, and the Lebanon, 
and also in the Upper Cretaceous of Westphalia ; it is characterised 
by the length of the upper jaw exceeding that of the lower, and by 
the presence of five rows of scutes, of which the middle one bears 
the lateral line. The allied Aspidopleurus is confined to the Lebanon 
beds. Other members of this family are Blochius^ from the Middle 
Eocene of Monte Bolca ; PlinthophoruSy of the English Chalk ; 
Pe/agorhynchuSy from the Upper Cretaceous of Westphalia ; and 
Saurorhamphus, from that of Istria. PlintJwphorus has two rows of 
scutes, but is otherwise naked. 

Family Enchodontid^. — ^The genera which may be provision- 
ally grouped under this name are distinguished by the moderate 
lateral compression of the body, which may be either naked or 



Fig. 936.— Skeleton of Eutyphoiis Boissitri : from the Chalk of the Lebanon. 
Reduced. (After Pictet and Humbert.) 


covered with scutes, and by the elongated premaxillae and maxillae, 
which carry small teeth anchylosed (like those of the mandible) to 
the bone. A considerable portion of the maxilla is excluded from 
the margin of the jaw by the premaxiila ; teeth occur on the pala- 
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tines and ectopterygoids ; and the dentary bone of the mandible 
has one series of large teeth, with one or more inner rows of smaller 
ones. The type genus Enchodus^ with which Eurygriathus of the 
Lebanon beds is identical, occurs in the Upper Cretaceous of 
Europe, North America, Brazil, and perhaps India* ^ Closely allied 
to this genus is Eurypholis (fig. 936), of the LebanioS Chalk, which 
is merely distinguished by the presence of a few iiermal scutps^ 
CimoHchthys^ from the Upper Cretaceous of Europe and the Uniti^d 
States, and Fomognathus {Phylactocephalus\ from the Chalk of 
Europe and the Lebanon, are nearly related genera, mainly distin- 
guished by their dentition. Here also may be placed Ischyrocepha- 
lusy of the Upper Cretaceous of Westphalia, which may perhaps 
have had two dorsal fins, and appears to connect Enchodus with the 
Dercetidce. • 

Family PACHYRHizoDONTiDi®:. — Allied to the preceding, but with 
the body more compressed, and covered with either scutes or scales, 
or both together, is a group of Fishes which may be provisionally 
placed in a distinct family. The premaxillae and maxillae are large, 
and cany powerful teeth, which may form one or more rows, and 
are set in incomplete sockets, and anchylosed to the bone ; while 
the abdominal vertebrae are characterised by their longitudinal 
striation and the absence of deep pits. The type genus Fachyrkiz- 
odus {Hypsodon in part) ranges in Europe from the Chalk to the 
London Clay, and also occurs in the Cretaceous of North America ; 
its teeth are so like those of Reptiles that a lower jaw was described 
as belonging to a species of Mosasaurus, Empo^ of the North 
American Cretaceous, may be certainly placed in this family; in 
which we may also probably include Stratodus^ of the Upper Cre- 
taceous of both Europe and North America. An allied type, from 
the Lower Miocene of Belgium, has been described under the pre- 
occupied name of Amphodon, 

Family SAUROCEPHALiDiC (Saurodontid.®). — The last family of 
the Saurodonts are laterally compressed Fishes, in which the maxillae 
and premaxillae are large, and carry powerful teeth, which are usually 
implanted in distinct sockets. The dentary bone of the mandible 
has but a single row of similar teeth, and there are no teeth on the 
palatines and ectopterygoids. The vertebrae, with the exception of 
those of the cervical region, carry two deep grooves and pits on 
their lateral surfaces. The type genus Saurocephalus is represented 
in the Cretaceous of North America, and also by a single species in 
the topmost Cretaceous of Maastricht, in Holland ; the teeth are 
fiUbequal and closely approximated. Ichthyodectes and Fortheus 
{fig, 937) also occur in the Upper Cretaceous of both Europe and 
North America ; the latter, which extends down to the Gault, attain- 
ing large dimensions, and being characterised by the great crest in 
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►•the supmbccipital region, by the unequal size of the cylindrical or 
^XHnpressed teeth, and the presence of at least one large spine in 
the pkctoral ahd pelvic fins. Ichthyodectes apparently differs mainly 
by its equal-si^ ’^th. Another genus is Daptinus, of the North 
American an4.£|iij^sh Cretaceous ; the English species apparently 
connecting the^^ical American one with Ichthyodectes. Saurodon 
ij^ toown fi-om the Upper Greensand of New Jersey ; while we may 



Pig* 937* — The anterior portion of the skeleton of Portheus molossusy from the Cretaceous 
of North America. Greatly reduced. (After Cope.) 


provisionally place in this family the imperfectly known Tomognathus^ 
of the English Chalk, in which the teeth were anchylosed to the 
jaws, without sockets, and had subcylindrical crowns enamelled 
superiorly. 

As a probable Saurodont, of which the family position cannot be 
determined, may be mentioned Gigantichthys (Titanichthys), founded 
upon teeth of very large size, from the Cretaceous of Egypt. 

Family Gonorhynchid^. — We may now briefly mention five 
small existing families related to the Salmonoids and Clupeoids. 
The first of these is now represented only by a single species of 
Gonorhynchus found on the coasts of South Africa, Australia, and 
Japan. Closely allied, however, is Notogoneus^ from the Eocene of 
Wyoming, which is mainly distinguished by its dentition. 

Family OsTEOGLOSSiOiC. — The second family is now represented 
by Osteoglossum of South Africa, Sumatra, and Queensland ; the 
huge Arapaima of the Brazilian rivers ; and Heterotis of several of 
those of South Africa ; thus presenting a striking example of discon- 
tinuous distribution. The only known fossil is Dapedoglossus^ of 
the Eocene of Wyoming ; a feature in distribution analogous to the 
occurrence of the genus Notogpneus of the preceding family in the 
same locality. 

Family Chirocentrid^e. — ^The genus Chirocentrus^ of the Indian 
Ocean, the sole existing member of this family, probably occurs in 
the Eocene of Sumatra. Chiromystus^ from the Eocene of Brazil, 
may perhaps be referable to this family, although it is not certain 
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that it should not rather be placed in the allied American family 
Ifyodoniida, 

Family Esocid^ — The Esoddm are now represented by the Pikes 
{Esax) of the rivers of the Northern Hemisphere. They are charac- 
terised by the margins of the upper jaws being formed by the pre- 
maxillae and maxillae ; by the presence of small conical teeth on the 
palate ; and the absence of an adipose fin, and the position of the 
dorsal in the hinder part of the body. Species of Esox occur in 
the Upper Miocene of CEningen in Switzerland, and the Pleistocene 
of Silesia ; while the extinct Sphenolepis^ of the Upper Eocene of 
Paris and the Eocene of Aix in Provence, characterised by its 
wedge-shaped scales, is considered to be allied. Recent writers also 
place in this family the marine Isticeus of the Chalk of Westphalia 
and the LfebOtnon, in which there is a long dorsal fin occupying the 
greater part of the back. 

Family Scombresocid^. — The members of this family mainly 
inhabit tropical and temperate seas, and are best known by the Gar- 
pike {Belme) and the Flying-fish {Exoccstus), The jaws are formed 
as in the last family ; the dorsal fin is placed above the anal in the 
caudal region, and there is no adipose fin. Belone is found in the 
Miocene of Licata, in Sicily ; while Holosteus of the Middle Eocene 
of Monte Bolca is an allied genus. The living genus Exocostus is 
characterised by the enormous development of the pectoral fins, and 
was preceded in the Chalk of the Lebanon by the nearly related 
Exoccetoides, 

Family Cyprinodontid^. — ^The Cyprinodonts are mostly small, 
carp-like fishes, inhabiting the fresh, brackish, or salt waters of a 
considerable part of the world ; and readily characterised by the pre- 
sence of scales on the head, and the absence of barbels. Species 
of the type genus Cyprinodon {Lebias) occur in the Middle and 
Lower Miocene of the Continent, while the CEningen beds have 
yielded a species referred to the South American genus Pcecilia. A 
comparatively large Cyprinodont has been described from the Plio- 
cene of India. 

Family Cyprinidje. — The important family of Carps is very 
numerously represented in the freshwaters of the Old World and 
North America. There are no scales on the head ; the margin of 
the upper jaw is formed by the premaxillge ; there are no teeth in 
the jaws ; there is no adipose fin ; the lower pharyngeal bones carry 
one or more rows of teeth ; and the mouth frequently has barbels. 
The body is more or less compressed, and is often comparatively 
deep. In the Miocene of the Continent we have representatives of 
the following genera now living in Europe — viz., Cyprinus (Carp), 
Qobio (Gudgeon), Leudscus (Roach and Dace), Tinea (Tench), 
Rhodeus^ which is mainly Asiatic, Aspius, and Cobitis, Acanthopsis^ 
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now confined to India, is represented in the Miocene of (Eningen 
and Puy-de-D6me ; the Oriental genera Amblypharyngodon and 
Thynichthys occur in the Eocene of Sumatra, while the names 
Cyclurus^ Hexapsepkus^ and Mylocyprinus have been applied to 
North American Tertiary forms, which are probably more or less 
closely related to those now inhabiting the same region. 

Family Scopelid^. — The Scopeloids are marine fishes allied to 
the Carps (with which they agree in the structure of the jaws), in 
which the body may be naked, and there are neither barbels nor 
swim-bladder. They are represented in past epochs by Hemisaurida, 
of the Cretaceous of Istria, which is allied to the living Saurus, and 
Farascopeius and Anapterus from the Miocene of Sicily, of which 
the latter is related to Paralepis now found in the same region. 

Family Silurid^e. — The Siluroids or Cat-fishes fdrm a large 
family of freshwater fishes of not less importance than the Carps, 
inhabiting all temperate and tropical regions, and in some cases 
entering the sea. The skin is either naked or covered with bony 
scutes ; there are always barbels, which frequently have a bony axis ; 
the margin of the upper jaw is formed by the premaxillae ; there 
is no subopercular ; and there may or may not be an adipose fin. 
The skull of the Siluroids is often remarkable for the great develop- 
ment of the supraoccipital (fig. 938), and the presence of dermal 
ossifications in the region of the neck, which spread over the nape, 
and articulate with the bones of the secondary pectoral girdle. The 
first and second interspinous bones of the neck frequently also 
develop a large bony buckler, behind which the long dorsal spine 
articulates by means of a ring with the first interspinal ; and this 
spine can be fixed in an upright position by a curious mechanism 
connected with the second interspinal. The “ helmet ” of the nape 
may be continuous with the “ buckler,” and these bones, together 
with those of the cranium proper, are frequently ornamented with a 
granular sculpture. The pectoral fins frequently carry a spine as 
large as that of the dorsal. The pharyngeal teeth are generally 
knob-like. 

From many points in which the Siluroids resemble the Placoder- 
matous Ganoids, Professor Huxley has suggested that we may re- 
gard the latter as nearly related to the ancestors of the existing 
family. Siluroids are not definitely known before the Tertiary, 
although it has been suggested that Tekpholis^ from the Upper Cre- 
taceous of Westphalia, may belong to this family. In Europe the 
earliest undoubted member of the family is known by an imperfect 
skull from the London Clay, which has received the name of Buck- 
landium ; the affinities of this form are imperfectly known, but the 
skull seems to approximate to that of Auchenoglams of the African 
rivers. In the Middle Eocene of Bracklesham, and the Upper 
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Eocene of Barton, we have Siluroids referred to the existing tropical 
genus Arius ; the peculiar, somewhat heart-shaped, otoliths of these 
fishes being not uncommon in the Barton beds. It is interesting 
to notice the association in the English Eocene of Siluroids with 
Crocodiles and Trionychoid Chelonians; the three groups being 
found together at the present day in India and Africa. The Eocene 
of Sumatra has yielded remains of extinct species of the living 
Oriental genera Pseudotropius and Bagarius ; the last-named genus 
being also represented in the Pliocene Siwaliks of India by the 
gigantic B. Yarrelli^ now inhabiting the 
Ganges. The same beds have also yielded 
remains of ClariaSy now found in both the 
Oriental and Ethiopian regions, of a species 
belonging to the genus Heterobranchus (fig. 
938), which is now confined to the Nile, 
and not improbably also of Chrysichthys of 
tropical Africa. The existing Macrones 
aor of the Indian and Burmese rivers has 
also left its remains in the Siwaliks ; while 
the characteristic Oriental genus Rita is 
likewise represented in the same deposits. 
Finally, of the widely-distributed genus 
AriuSy which we have already mentioned 
o TT • r u from the English Eocene, there is evidence 

skull of Heterobranchus inter- of tWO SlWallk SpCCieS ; One being appa- 

Sf rcntly nearly allied to a large existing West 

African form. In the Eocene of North 
Orbit ; sup, ^praoccipitai ; tu, America there occurs the genus Rhineastesy 
omitted. which has vomerine teeth, and may be 

allied either to Arius or to PimeloduSy 
while spines from the same deposits have been referred to the 
latter genus. 

Family Murjenid^. — The last family that we have to notice in 
this suborder is that of the Eels. In these fishes the body is greatly 
elongated, and either naked, or covered with rudimental scales ; the 
toothed maxillae form part of the border of the upper jaw, and 
there are no pelvic fins. Of the freshwater forms, Anguilla (Eel) 
ranges from the present date to the Chalk of the Lebanon, and is 
abundantly represented in the Miocene of OEningen and the Middle 
Eocene of Monte Bolca. The Marine forms, or Congers, are repre- 
sented by species of the existing genus Ophichthys in the Monte 
Bolca beds ; and by the extinct Sphagebranchus of the latter deposits, 
and Rhynchorhinus of the London Clay. Peculiar larval forms of 
the t3rpe known as Leptocephali occur in the Continental Tertiaries, 
some of which are probably referable to this family. 
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Suborder 2 . Anacanthini. — In this and the four following sub- 
orders, together forming the Physoclysti of some writers, the swim- 
bladder (when present) has no connection with the pharynx, and 
the pelvic fins are nearly always thoracic or jugular in position — in 
the latter case being in advance of the pectorals. The present sub- 
order is further characterised by the rays of the dorsal fin being soft 
and jointed, and the pelvic fin never abdominal. 

Family Gadid/E. — In the Cod family the body (fig. 939) is 55^1- 
metrical, and covered with small scales ; there may be three dorsal 



^*8* 9J9* — The Cod {Gadus ntorrhua). Reduced. 


fins, and the pelvic fins are jugular. All the genera are marine, 
and the family is unknown before the Eocene. The extinct Nemo- 
pteryx and Palceogadus have been described from the Eocene of 
Glarus; while in the London Clay of Sheppey we have species 



Fig, 94o.-~Skeieton of Rhomlms minimus; from the Middle Eocene of Monte Bolca. 


allied to Gadus (Cod), Merluccius (Hake), and Fhysis, Other 
Gadoids occur in the Miocene of Sicily. 

Family Pleoronectid^, — The Flat-fishes are characterised by 
the extreme lateral compression of the body (fig. 940), of which the 
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fore part and the head are not bilaterally symmetrical They swim 
with one side upwards and the other downward, the head being 
twisted round so as to bring the two eyes upon that side which 
becomes the upper one, and which alone is coloured. There is no 
swim-bladder, and the dorsal and anal fins occupy almost the entire 
length of the body. Remains of a species of Jihombus or Turbot 
(fig. 940) are found in the Middle Eocene of Monte Boica, and 
those of a Solea (Sole) in the Miocene of Wiirtemberg. 

Suborder 3. Pharyngognathi. — In this small suborder a 
portion of the rays of the dorsal, anal, and pelvic fins is formed 
by non-articulated spines. The lower pharyngeal bones are united ; 
and the swim-bladder has no duct. 

Family Pomacentrid^. — Of this large family the only European 
fossil representative is Odonieus from the Middle Eocene of Monte 
Boica, which is allied to the existing Heliastes ; but Professor Cope 
thinks that Priscacara from the Eocene of North America may 
perhaps be referable to it, although vomerine teeth are present. All 
the members of this family have ctenoid scales. 

Family LabriD/E. — The Wrasses are a large family of littoral 
fishes most abundant in tropical and temperate regions, and char- 
acterised by their cycloid scales, the single dorsal fin, the thoracic 
position of the pelvic fins, and the absence of teeth on the palate. 
Many of them have the lips greatly thickened ; and the pharyngeal 
bones bear molariform teeth. The existing genus Labrus is recorded 
from the Middle Eocene of Monte Boica and the Miocene of 
Switzerland ; while Saurinichthys of the Miocene of France appears 
allied to the living Odacina. Profautaga 
of the Eocene of North America is the 
ancestral form of the Black-fish {Tautaga) 
of the same country. 

Family PHARYNGODOPiLiDiE. — A number 
of extinct fishes more or less nearly allied 
to the Wrasses, but differing in several points 
very markedly from that family are regarded 
as forming a group by themselves. The 
type genus Pharyngodopilus {Nummopala- 
ius) occurs in the French Miocene, and in 
the Tertiary of the Canaries ; closely allied 
to which is Phyllodus from the Cretaceous 
of Germany and the London Clay of Shep- 
pey, derived teeth being also found in the 
Suffolk Crag. The pharyngeal teeth Of Phyllodus (fig. 941) are 
remarkable for their thin and leaf-like structure, and also for the 
rapid manner in which they are succeeded from below by fresh 
ones. The imperfectly known Egertonia from the Lower Eocene 
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of Sheppey, and Plaiylmmus from the Middle Eocene of Brack- 
lesham, may be provisionally included in this family. 

Family CHROMiDiE. — The Chromids are a family of small fresh- 
water Fishes from Palestine, tropical Africa, and America ; and also 
represented by one genus in India. The scales are usually ctenoid, 
the lateral line is interrupted, and the teeth of the jaws are very 
small. To this family is referred the large genus Fycnosterinx 
from the Cretaceous of the Lebanon; and with less certainty 
Imogaster of the same deposits. 

Suborder 4. Acanthopterygii. — The Acanthopterygii form a 
very large series characterised by part of the rays of the dorsal, anal, 
and pelvic fins being non-articulated and forming strong spines. The 
lower pharyngeal bones are usually separate ; and there is no duct 
to the swim-bladder. The scales are very generally ctenoid. 

Family Ophiocephalid.®. — The Ophiocephalidce are freshwater 
fishes, almost confined to the Oriental region, in which the long 
head and body are entirely covered with scales, and the dorsal and 
anal fins are long and devoid of spines. These fishes are in the 
habit of burying themselves in the mud during droughts. The type 
genus Ophiocephalus is represented in the Pliocene of India by 
species closely allied to, if not identical with some of those now 
inhabiting the same area. 

Families Fistulariid^ and Centriscid.®. — The first of these 
families comprises the marine “ Flute-mouths,” characterised by the 
long body and the production of the anterior bones of the skull 
into a long tube, terminating in the mouth, and by the absence or 
small size of the scales. The existing genera Fistularia and Aulo^ 
stoma^ now found on the borders of the tropical Atlantic and Indian 
Oceans, are represented in the Eocene of Monte Bolca and Glarus ; 
while Auliscops^ now confined to the Pacific coast of North America, 
is found in the Eocene of Sumatra. Extinct genera from Monte 
Bolca are Urosphen and Rhamphosus — the former characterised by 
the wedge-like caudal fin, and the latter by a large spiny ray on the 
neck, A Fistularian, from the Lebanon Cretaceous, has been named 
Solenognathus^ but the name is preoccupied. The Centriscidaa^ which 
agree with the FisUdariida in the structure of the mouth, but differ 
in the form of the body, are known in a fossil state by a species of 
the living genus Amphisile^ from Monte Bolca. 

Family Mugilid^, — ^This and the two next families include 
fishes characterised by the presence of two distinct dorsal fins, of 
which the first is either low, or has weak spines ; and by the ab- 
dominal position of the pelvic fins, which have five rays and one 
spine. The Grey Mnllets inhabit the coasts of tropical and tem- 
perate seas, and have cycloid scales with no lateral line. The recent 
genus Mugi7 occurs in the Upper Eocene of Aix; and Calamo- 
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fikurus, of the European Chalk, with which the North American 
genus SylicBmus is probably identical, may be placed in this 
family. 

Family Atherinid^. — These fishes, which differ from the 
Mullets by the presence of an indistinct lateral line and the great 
number of the vertebrae, are represented in the Middle Eocene of 
Monte Bolca by two minute species of the existing genus Atherina^ 
and also by the extinct Mesogaster, 

Family SPHVRiENiDiE. — The Barracudas, in which the lateral 
line is continuous and the vertebrae are not numerous, are known 
at the present day only by Sphyrcsna^ of which some species attain 
a length of eight feet. That genus occurs in the Middle Eocene of 
Monte Bolca, and has also been recorded from the Upper Creta- 
ceous of the«Lebanon ; but it is probable that the latter form belongs 
to one of the Saurodont Physostomi. Cladocyclus^ from the Upper 
Cretaceous of England and Brazil, is an extinct genus. 

Family BLENNiiDiE. — The Blennies form one of four families of 
but little palaeontological importance, in which there is a long dorsal 
fin, which may be entirely spinous ; and the ventrals, if present, are 
either thoracic or jugular. It is probable that Pterygocephalus^ from 
the Middle Eocene of Monte Bolca, should be referred to this 
family. 

Family Gobiid.e. — The Gobies belong to another group of the 
suborder comprising two families, into the characters of which it 
will not be necessary to enter. They are represented in a fossil 
state by the existing genus Gobius^ from the Monte Bolca Eocene, 
and the extinct Chirothrix^ from the Upper Cretaceous of the 
Lebanon. 

Family DACXYLOPTERiDiE {Cataphracti). — This and the next six 
families form a group of considerably more interest to the palaeon- 
tologist than the preceding. They are collectively known as the 
Cottoscombriform section, and are characterised by the presence of 
spines in least one of the fins ; by the dorsal fins being either 
contitmpus pr close together ; by the spinous dorsal, when present, 
being shorthand when the latter is absent by the length ot the soft 
dorsal. The pelvic fins are always jugal or thoracic. In the present 
family thd body Is cylindrical and elongate, with a coat of bony 
scutes ; the dentition is weak ; and the pelvic fins are thoracic. 
PeialopteryXy from the Middle Eocene of Monte Bolca, is considered 
to be related to the existing Dactyl^terus^ in which the pectorals 
are lengthened to an enormous extent. 

Family CoTTi0AL~This family is best known by the freshwater 
$uH4&eads (Coitus) and the marine Gurnards (Trigla). The body 
more or less oblong; the dentition weak ; the dorsal fin is usually 
divided, with the soft portion the larger ; and the pelvic fins are 
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thoracic, and generally have five soft rays. Cottus itself occurs in 
the Upper Miocene of CEningen ; while the Upper Eocene of Aix 
yields the extinct Lepidocottus^ distinguished by its ctenoid scales. 
Trigla occurs in the European Tertiaries. 

Family Trachinid^e. — This family comprises a number of genera 
of small marine Fishes distributed over the greater part of the world, 
in which the body is long and slender, and may or may not have 
scales. The dorsal fin may be either single or divided, but its soft 
portion is always much longer than the spinous. To this family 
may probably be referred the naked Callipteryx^ from the Middle 
Eocene of Monte Bolca ; while Trachinopsis^ of the Upper Tertiary 
of Spain, is considered to be allied to the existing Trachinus — a 
third extinct genus being Pseudoeliginus^ of the Sicilian Miocene. 

Family ScoMBRiD^qE. — The Scombridce^ typically represented by 
the Mackerels {Scofnder\ but also comprising other pelagic Fishes, 
are characterised by the oblong and scarcely compressed body, the 
well-developed dentition, the two dorsal fins, the general presence of 
finlets in the posterior part of the body, and the thoracic position of 
the pelvic fins, which have one spine and five rays. In the Miocene 
and Eocene of Europe, we meet with species of the existing genera 
Scomber (Mackerel), Thynnus (Tunny), and Cybium^ one Lower 
Miocene species of the latter having been described under the 
name of ^omberodon. Curiously enough, the specialised genus 
Echeneis (Sucking-fishes) is found in the Lower Eocene of Glarus. 
Dictyodus (Sphyr^nodus) is an extinct genus from the Lower Eocene 
of England and the Lower Miocene of Belgium, characterised by 
the strong development of its dentition, and its single row of conical 
palatine teeth. Other extinct genera are Palimphyes and Isurus^ 
of the Lower Eocene of Glarus, and Orcynus^ from the Middle 
Eocene of Monte Bolca. The existing Pelamys has been recorded 
from the Lower Miocene of Belgium, 

Family Coryph^nid^. — Another pelagic family allied to the 
preceding is represented by the well-known Coryphsenas^ popularly*^ 
known by the misnomer of Dolphins. The body Is compressed ; 
the teeth, if present, are small and conical ; and there a long un- 
divided dorsal fin, without a distinct spinous portion. The existing 
genus Jfene (Gastrocnemus) is found in the Middle Eocene of Monte 
Bolca ; while the family is also represented by the extinct Goniogna- 
fbusy of the London Clay. 

Family Cyttid^e. — The Dories have the body very deep and 
much compressed, with the dorsal fin divided, and its spinous por- 
tion taller than the soft part, and the pelvic fins thoracic. They 
are represented by a species of the existing genus Zeus, in the Mio* 
cene of Sicily, and also by the extinct Cyttoides, of the Lower Eocene 
of Glarus. 



ioo8 


CLASS PISCES. 


Family Carakgid/e. — Of great interest to the palaeontologist are 
the so-called Horse-Mackerels, on account of the beautiful preserva- 
tion of some of the fossil forms in the Middle Eocene of Monte 
Bolca. The body is more or less compressed, and may be oblong 
or deep, and either with or without scales. The dorsal fin, which 



Fig. 94^-^gmiophorus vilicans ; from the Middle Eocene of Monte Bolca. a, Anal ; 
C, Caudal ; d, Dorsal ; p, Pectoral ; v, Pelvic fins. 


may be single or divided, has the spinous smaller than the soft 
part ; and the pelvic fins, if present, are thoracic. One of the most 
remarkable extinct genera is Semiophorus (fig. 942), in which the 
dorsal fin is of enormous Jheight, while the pelvic fins are also 
greatly produced. This genus is known only from the Monte 
Bolca Eocene. Other extinct Tertiary genera are Pstudovomer, 
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from the Miocene of Sicily ; Amphistium and Ductor, from Monte 
Bolca ; Archaus and Flwnemus, from the Lower Eocene of Glarus ; 
and vEpichthys and Vomer, from the Chalk of Istria. Among exist- 
ing genera, Piatax (fig. 943), popularly known as Sea-Bats, from 
the great height of the fins, occurs in the Red Crag, in the Monte 



943 * — Piatax aliissimus ; from the Middle Eocene of Monte Boica. Reduced. 


Bolca Middle Eocene, and in the Chalk of the Lebanon and 
England. The dorsal fin is single, and the spinous portion is 
nearly entirely concealed, consisting only of from three to seven 
low spines ; the jaws are remarkable for their excessive shortness. 
Other living genera found in the Monte Bolca beds are Zandus, 
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Caramf {CarangGpsis\ Argyrie^s ( Vomer), Idchia, and Trachynoius ; 
and Equula, from the Miocene of Sicily. 

Family AcRONURiOiE. — The last family of the Cottoscombri- 
form section comprises tropical marine Fishes, popularly known as 
Surgeons, which are readily recognised by the sharp spine border- 
ing each side of the tail. The body is compressed, and oblong or 
ovate, with small sc^es; the front of the jaws has chisel-like or 
pointed teeth ; and the dorsal fin is undivided, with the spinous 
portion less than the soft. This family is represented in a fossil 
state by species of the existing genera Naseus and Acanthurus from 
the Middle Eocene of Monte Bolca. 

Family Trichiurid^. — The next section of the suborder is 
represented by the existing Scabbard-fishes and the extinct Falceo- 
rhyncMdce, • These Fishes are characterised by their elongated, com- 
pressed, or band-like bodies, furnished with long dorsal and anal 
fins, of which the former may be divided into a number of finlets, 
somewhat after the manner of the Ganoid genus Polypterus, All 
these fishes are marine, and are found in tropical and subtropical 
seas. Species of the existing genus Lepidopus (Scabbard-fish) occur 
Mn the Miocene of Sicily, while Hemithyrsites and Trichiurichthys, 
of the same deposits, are forms allied to the living Thyrsites and 
Trichiurus, but differing by having the body scaled. Xiphopteryx 
is another extinct genus from the European Eocene ; while Anen- 
ehylum, of the Lower Eocene of Glams, resembles Lepidopus except 
Tor the presence of some long rays in the pelvic fins, and the two 
are probably identical. 

Family PALiEORHYNCHiDiE. — The members of this family differ 
from the last by the production of the jaws into a long rostmm, 
which is either edentulous or provided with very small teeth. The 
dorsal fin occupies the whole length of the body, and the anal is 
also elongated and reaches nearly to the forked caudal. This 
family is known only by Hemirhynchus from the Eocene of the Paris 
basin, and Palieorhynchus from the Lower Eocene of Glams. 

Family XiPHilDiE. — The Sword-fishes, which are of pelagic habits, 
and generally attain very large dimensions, are characterisetl by the 
production of the upper jaw into a long spear-like rostmm. They 
are represented at the present day by Xiphias (fig. 944), in which 
pelvic fins are wanting ; and HtsHophorus, in which these organs are 
long and filiform, and the dorsal fin may be of great length and 
height. Fossil Sword-fishes from the London Clay have been 
referred to Histiophorus {Tetrapturus), although it is not certain 
that they may not prove generic^ly distinct. The genus Cmlorhyn- 
cbus, which was formerly referred to this family, is noticed among 
the Chimeroidei. 

Family Berycid-®. — The Berycidce are characterised by the pres- 
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ence of mucous-bearing cavities in the head, and by the pelvic fins 
having (except in Monocentris) a single spine, and more than five 
rays. This family is one of the oldest of the suborder, being abun- 
dantly represented in the Chalk. The fossil genera, which may be 
noticed in alphabetical order, are as follows — viz., Acrogaster^ from 
the Upper Cretaceous of Westphalia; Berycopsis^ from the Creta- 



Fig. 944. — Xiphias. Greatly reduced. 


ceous of England; Beryx^ in which there is one dorsal fin with 
several spines, is represented by a single species in the European 
Chalk, and by two species in the Chalk of the Lebanon, while it is 
also living at the present day; Holocentrum^ from the Middle* 
Eocene of Monte Bolca, the Miocene of Malta, and tropical seas 
of the present day ; Homonotus^ from the Cretaceous of both Eng- 
land and the Lebanon ; Hopiopteryx {fig. 945), in which the spinous 
portion of the dorsal fin is greatly developed, and there are also four 



F'S* 9A5>'-^ Ho/>lo^t€ryx liwesiensis ; from the Upper Chalk of Sussex. Reduced. 
/ Mantell.) 


large spines in advance of the anal, is known from the Upper Cre- 
taceous of both Europe and the Lebanon ; MyriprisHs^ from the 
Middle Eocene of Monte Bolca, and now found in tropical seas ; 
Pristigenys^ from Monte Bolca ; Pseudoberyx^ from the Chalk of the 
Lebanon, characterised by the almost abdominal position of the 
pelvic fins ; Spkenocepkalus^ from the Upper Cretaceous of West- 
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phalia; and Sfen^sfama, from the English Chalk, of which the 
affinity is somewhat doubtful. 

Perciform Section. — The remaining families of this suborder 
are characterised by their more or less compressed body ; by the 
dorsal' fin, or fins, occupying the greater portion of the back ; by the 
strong development of the spinous part of the dorsal fin, which is 
at least as long as the soft portion ; and by the soft anal correspond- 
ing to the soft dorsal. The pelvic fins are thoracic. 

Family Scorp^nid^. — This family, which is allied to the fol- 
lowing, but has villiform teeth, is known in a fossil state only by a 
species of the type genus Scorpmna^ from the Eocene of Algeria. 

' Family SpARiDiE. — The Sea-Breams resemble the Percoids, 
which we shall notice immediately, in general appearance, but the 
mouth is either provided in front with chisel-like teeth, or on the 
sides with molariform ones. Ail of them inhabit tropical and tem- 
perate seaus. Among existing genera the sphaeroidal palatal teeth of 
Chrysophrys occur in the Red Crag of Suffolk, the Miocene of 
Malta, and in beds in the Canaries, which are probably referable to 
the same epoch ; while Sargus is recorded from the Miocene of 
France and Wurtemberg, the Upper Eocene of Algeria, and the 
older Tertiary of New Zealand ; and Pagellus occurs in the Chalk of 
the Lebanon. It appears, moreover, that many of the crushing 
palatal teeth of Chrysophrys have been described as Sphcerodus^ while 
the anterior cutting-teeth of the same genus, together with pharyn- 
geal teeth of some of the Carps, have been described as Capitodus, 



F»g. 946.— “Skctetoii of iiparnodus micracanthtu , from the Middle Eocene of 
Monte Bolca* Reduced 


Cutting-teeth of this type, described under the latter name, occur in 
the Miocene of Austria and Silesia, the Pliocene of Italy, and the 
Eocene of Northern India. Sparnodus (fig. 946) is an extinct genus 
from the Middle Eocene of Monte Bolca, while the name Stephan- 
odus has been applied to a genus from the Upper Chalk of the 
Sahara, characterised by the breadth and denticulated edges of the 
cutting-teeth. It may also be observed that teeth from the European 
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Tertiaries have been described under the names of Sargodon, Serici- 
dens, and Asima, 

Family CHiETODONTiOjE. — The Coral-fishes, or Chsetodonts, 
differ from the Percoids in the greater vertical depth of the body, 
by the continuation of the scales over the median fins, and also by 
the lateral line stopping short of the caudal fin. Their teeth are 
bristle-like. These marine tropical fishes (which are generally de- 
scribed under the name of Squamipennes) are remarkable for the 
extreme gorgeousness of their colouring, and are of comparatively 
small size. They are represented in the Middle Eocene of Monte 
Bolca by the existing genera Holacanthus, Fomacanthus, Ephippus, 
Scatophagus, and Toxotes ; the latter being now confined to die 
Oriental and Australian regions. The earliest Chsetodont is Platy- 
cormus, of the Upper Cretaceous of Westphalia. • 

Family Percid/e. — With this and the next family of highly 
specialised Fishes we come to the end of the existing representa- 
tives of the present suborder. These Fishes are characterised by 
the continuous lateral line (fig. 947), the general absence of scales 
from the median fins, the conical teeth, and the absence of barbels. 
They are all carnivorous, and inhabit the freshwaters and coasts of 



Fig. 947.— The Common Perch {Ptrca Jluviatilts), Reduced. 


all tropical and temperate regions. The existing genus Perea (Perch) 
occurs in the Upper Miocene of CEningen ; while in the Upper 
Eocene of Aix we have the allied but extinct Paraperca. In the 
Middle Eocene of Monte Bolca, we find species referable to the 
existing genera Labrax (Bass) ; Lates^ now inhabiting the Nile and 
Ganges ; Dules^ of the Indo-Pacific \ ^rranus (Sea-Perch) ; Apogon, 
of the Mediterranean and Atlantic ; and also Therapon^ of the Indo- 
Pacific. The extinct Cyclopoma and Smerdis (fig. 948) likewise 
occur in the same deposits ; the latter being also found at Aix 
and in the Miocene of Wurtemberg. Acanus and Podocys^ from 
the Lower Eocene of Glams, are members of this family, which 
were formerly referred to the Beryctda. In the Eocene of North 
America we have Mioplosus^ presenting characters common to 
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Ptna and Labrax ; and al»p which does not appear 

allied to any genus.^ % 

^iSMihY PRfeiK)MASfii>^~This famfty includes the existing 
Priskpomay which Dr Gunther refers to the Percida. It occurs 
fossil, in the i^ene of Monte Bolca; and Dr von Zittel i^oulji 
place ISdafM^Sf irf the London Clay, in the same family. 

Families APHROD<DiRiDiE and Asineopid^e. — These two families 


are proposed by Professor Cope for the reception of certain North 
American Eocene Fishes more or less closely allied to the Percoids. 

The first family includes 



Fig 948.— Skeleton of Smerdts mtnuia; from the Upper 
Eocene of Aix, Provence. 


the genus Apkrodedirus^ 
Erismatopterus^ and 
Amphiplaga^ and the 
second Asineops, Pro- 
fessor Cope suggests 
that PygauSy from the 
Middle Eocene of 
Monte Bolca, should 
perhaps be included m 
the Asineopidce, 
Suborder 5. Lopho- 


BRANCHii. — In this 


small, and to the palaeontologist unimportant, suborder the gills 
are reduced to small round lobes ; the gill-cover has only one large 
plate ; and there is a dermal bony skeleton taking the place of the 
soft integuments. The swim-bladder has no duct. 

Family SoLENOSXOMAXiDiE. — The skull is produced into a long 
rostrum, terminated by the toothless mouth. The gill-openings are 
wide ; there are two dorsal fins ; and all the others are w’^ell developed. 
The only existing genus is So/enosioma, allied to which is So/eno- 
rhynchuSy of the Italian Eocene. 

Family Syngnaxhid^e. — The Sea-horses and Pipe-fishes differ 
from the preceding family by the small gill-opening, the single 
dorsal fin, and the absence of the pelvic fins. The first section, 
in which the tail is not prehensile, includes the Pipe-fishes, and is 


represented in the Miocene of Italy and the Middle Eocene of 
Monte Bolca by the existing genera Syngnathus and Stphonostomay 
and also by the extinct Calamostomay which is alhed to Hippo- 
campusy but has a caudal fin. The Sea-horses do not to be 

represented in a fossil state. 

Suborder 6. Pi^ectognaxhi. — ^The last suborder is hkewise of 


small extent, and is characterised as follows. The skin may be 
naked, or covered with rough scales, scutes, or spines, and the 
skeleton is imperfectly ossified. Th©fe is a small opening leading 
to the pectinate gills in advance cff the pectoral fin ; the bones of 
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the upp€!t jaw are Rentrally Velded together ; there is a soft dorsal 
fin ; but the pelvic either in the foiro of ipines or absent. 

There is no duct to the swim-bladder. 

Family Balistib^. — The File-fishes and Coffer-fishes, which are 
frequently known as Sclerodermic have the jaws somewhat produced, 
and armed with a small number of teeth ; the ^in being covered 
either with rough scales or scutes, and traces of pelvic and spinous 
dorsal fins always remaining. Baiistes (File-fish) is characterised 
by Its chisel-like teeth, admirably suited for browsing on the corals 
on which these fishes subsist. Protobalistumc of the Middle Eocene 
of Monte Bolca, is supposed to be an ancestral type of Baiistes ; 
while ProtacanthodeSc of the same deposits, is an allied, but distinct 
form. The Lower Eocene of Glarus has yielded the extinct Acan- 
thoderma and AcanthopleuruSc which are likewise regarded as allied 
types ; while GlyptocephaluSc of the London Clay, differs from 
Baiistes by the regular rows of tubercles with which the body is 
covered. Ostracion (Coffer-fish), in which the body is invested by 
a carapace of hexagonal scutes articulating by their edges, is now 
abundant in subtropical and tropical seas, and appears for the first 
time in the Middle Eocene of Monte Bolca. 

Family Diodontid^. — In the Globe- and Sun-fishes (the Gymnod- 
antes of many writers) the body is more or less shortened ; the 
bones of the jaws are united into a trenchant beak, with or without 
a median suture ; and there are no spinous dorsal, or pelvic fins. 
The dentition is in the form of laminated dental plates. Among 
the Globe-fishes, in Tetrodotic of which no fossil forms have been de- 
scribed, the dental plates are trenchant, and confined to the margins 
of the jaws. In Diodonc however, in’ addition 
to these alveolar plates, there is a median crush- 
ing-plate (fig. 949), traversed by a suture, de- 
veloped on the palate of each jaw. The ob- 
liquity of the component laminae of these plates 
causing an admirable triturating surface. Fossil 
palatal plates of this genus are found in the 
Miocene of Malta and Sicily, in the Middle 
Eocene of Monte Bolca, and also in the 
Eocene of Algeria and the Arakan coast. The 
extinct Ennepdon is an apparently allied genus 
from th^ Italian Tertiary. Finally, the huge pelagic Sun-fishes of 
the genus OrthagoriscuSc in which the body is compressed and very 
short, the vertical fins are confluent, and the tail truncate, occur in 
a fossil state in the Lower Miocene or Upper Eocene of Belgium, 
The alleged occurrence of this genus in the English Chalk is, how- 
ever, based on a misinterpretation. 

At the conclusion of this order we may mention the genus 

VOL. II. . * ^ 



Fig. 949. — Posterior 
dental plate of Diodon 
SctUa ; from the Miocene 
of Malta. 
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AndstrodoHy founded upon detached teeth from the Chalk of 
trance j similar teeth also occurring in the Cretaceous of Texas. 
These teeth are generally regarded as pharyngeal teeth of Teleostei, 
although it has b^en suggested that they may prove to be anterior 
teeth of Pycnodont Ganoids. 
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CHAPTER LI. 

CLASS AMPHIBIA. 

GENERAL STRUCTURE AND ORDERS. 

The Amphibia, which comprise the Frogs and Toads, Salamandroids, 
Caecilians, and the extinct Labyrinthodonts, and are sometimes 
known as the Batrachia, agree in so many points of structure with the 
more generalised Fishes, that Professor Huxley groups the two classes 
together under the common name of Ichthyopsida. Recent observa- 
tions on fossil forms, tend, however, to show in the other direction 
a transition from the Amphibia to the more generalised Reptilia. 
The Amphibia as a whole differ from Fishes mainly by the circum- 
stance that when median fins are present they are devoid of fin- 
rays ; and that the limbs, when present, contain the same skeletal 
elements as those of the higher classes. They agree with Fishes in 
having branchiae in their earlier stages of life, but these very fre- 
quently disappear in the adult, when respiration is carried on entirely 
by means of the lungs. An epidermal exoskeleton is generally 
wanting. There is no amnion, and at best but an imperfect allantois 
in the embryo. In existing forms the cranium always articulates to 
the vertebral column by two distinct exoccipital condyles, but in a few 
Labyrinthodonts these were not #ssified. The mandible articulates 
to the cranium without the intervention of a suspensorium ; so that 
the skull, like that of the Dipnoid Fishes, is autostylic, A large para- 
sphenoid is always present ; and cranial bones are largely developed, 
although their number is generally less than in Fishes. The external 
nares are terminal in nearly all cases. The vertebral column is 
more or less completely ossified, and can generally be differentiated 
into cervical, dor^o4umbar, sacral, and caudal regions ; the sacrum 
but rarely comprising more than a single vertebra. The infraneural 
segments of the vertebral column are frequently amphicoelous, and 
in recent forms each bears its owm arch ; but in certain Labyrintho- 
donts, as we shall see below, the neural arches are carried by alter- 
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nate vertebral segments, and from circumstances to be detailed in 
the sequel it is inferred by Professor Cope and others that the verte- 
bral bodies of existing Amphibians are really intercentra, carrying 
the neural arches which have been shifted to them from the lost 
centra. The ribs may articulate to the vertebra by a single (upper) 
transverse process ; but in Salamandroids and Labyrinthodonts the 
vertebrae also carry an inferior rib-facet, when the heads of the ribs 
are consequently double. As a rule no ribless (lumbar) vertebrae 
occur, and sternal ribs are wanting. The sternum, which is never 
present in Fishes, appears in the Amphibia in the middle line of 
the chest, and may be extended anteriorly as an omo- and epi- 
sternum (fig. 974, b). The pectoral and pelvic girdles are well 
developed ; the former (ibid,) in recent forms having, however, no 
clavicle or interclavicle, although it is nearly certain that fhese bones 
are represented in the thoracic buckler of the Labyrinthodonts. A 
distinct rod-like precoracoid (fig. 974, b) occurs in recent forms. In 
the pelvis the pubis is frequently unossified, and if ossified is much 
smaller than the ischium. In most cases the ischium and the car- 
tilaginous or bony pubis of either side unite to form a continuous 
plate, in which the obturator foramen is not represented, although 
there is a small perforation ; and the ischia meet in a ventral symphy- 
sis. The body of the ilium may be almost wholly in advance of the 
acetabulum. The limbs vary greatly in their proportionate length 
in the different orders, and may be entirely absent ; w^hile the carpals 
and tarsals may be unossified. The limb bones of the Labyrinth- 
odonts approximate to those of the Anomodont Reptiles. The 
carpus and tarsus always have a centrale, and in some of the primit- 
ive Labyrinthodonts there may be at least three centralia in the 
latter. The fourth and fifth tarsalia always remain distinct from 
each other in those forms which have five digits. The latter number 
is found in the Labyrinthodonts, but in some existing forms the 
digits may be reduced to three or two. I'be number of the 
phalangeals in the digits of pentedactylate forms, counting from 
the first to the fifth, does not eitceed 2, 3, 3, 3, and this num- 
ber may be reduced in some existing forms. As a rule the tail 
is comparatively short 

Teeth are usually present on the premaxilla, maxilla, vomer, and 
the dentary bone of the mandible ; but are generally wanting on 
the palatine and pterygoid, although present on the latter, and also 
on the parasphenoid, in many Labyrinthodonts. These teeth are 
usually anchylosed to the bone, and in existing forms are of simple 
structure. In the Lab5Tinthodonts the structure of the teeth may, 
however, become very complex by foldings of the dentine, this 
structure being an extreme development of that met with in certain 
Ganoids ; and in some of these forms the usually large pulp-cavity 
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may be greatly reduced. In existing forms there is generally no 
exoskeleton, and if scutes or scales are developed they are buried 
in the skin ; but in the Labyrinthodonts bony scutes were very 
generally present, although frequently restricted to the ventral aspect 
of the body. 

A marked, although not universal, feature in the class is the 
change from a respiration by gills to one by lungs; this change 
being accompanied by other structural alterations, and termed a 
metamorphosis. In some instances only external gills are developed, 
which form a plume on either side of the neck ; and it is these gills 
which persist in such forms as do not undergo a metamorphosis. 
In those groups, however, in which a metamorphosis takes place 
internal gills may be developed for a short period. 

That the* Amphibia have taken their origin from primitive Fishes 
allied to the Dipnoi and Ganoidei is pretty evident. Evidence of 



Fig. 950 —Enlarged view of the upper nurface of the cranium of Froirtton, with the charac- 
teristic Laijyrinthodont bones shaded ; from the Permian of Bohemia. iV, Nasal ; JF, Frontal ; 
P.Ot Parietal; S.O, Supraoccipital ; Eptotic ; S.T., Supratemporal ; Sauamosal ; 

Postfrontal; yw, Jugal , Postorbital ; im, Premaxilla; M.S, Maxilla; Q^, 

Quaoratojugal ; Q, Quadrate. (After Fritsch.) 


aftnity with the primitive Ganoids is indeed very clearly shown by 
the so-called labyrinthic structure of the teeth of nearly all the 
Palaeozoic Amphibia, since we find a similar type of dental structure 
obtaining in many of the early Ganoids, and nowhere else in the 
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whole animal kingdom. The similarity in the structure of the 
vertebral column of the earlier Elasmobranch and Ganoid Fishes 
with that of the Labyrinthodont Amphibians is also important 
evidence pointing in the same direction. 

This class may be divided into the four orders, Lab3n:inthodontia, 
Apoda, Ecaudata, and Caudata. The first is totally extinct, the 
second is at present unknown before the existing epoch, while we 
have no certain record of the occurrence of the third before the 
Cretaceous, and of the fourth previously to the Tertiary. 

Order I. Labyrinthodontia. — Since the name of this order is 
not strictly applicable to all its members it has been proposed to 
substitute the term Stegocephala ; but, as the same objection might 
be taken to a large number of terms in use, such a change seems 
unnecessary. Using, then, the Lab3nrinthodontia as including the 
Ganocephala and Microsauria of some writers, its members may be 
characterised by the following features. The body is more or less 
elongated, and furnished with a tail ; the skull has paired supraocci- 
pitals (fig. 950, S, 0 ), and its postero-lateral regions are roofed over 
by a postorbital {PJ,o) anteriorly, and a supifatemporal {S,T) poste- 
riorly. There is, moreover, very generally an epiotic ^ (P-p) ; the 
orbits frequently have a bony ring in the sclerotic ; and there is a 



parietal foramen. Palatine and vomerine teeth are very generally 
present, and the dentine of the teeth is frequently more or less 
folded, or plicated, from the sides. The centra of the vertebrae, 
which are amphicoelous, may be imperfectly ossified, and frequently 
retain a notochordal canal in the middle. Usually there is a buckler 
on the inferior surface of the thorax, consisting of one median, and 
two lateral flattened bones, probably representing the interclavicle 
and clavicles ; the relations of these bones being shown in fig. 951. 

^ Dr Baur regards this bone as the opisthotic; and also considers that the 
bone here term^ the squamosal is the supratemporal, and vice versA, 
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Posteriorly to this thoracic buckler an armour of dermal scutes is 
generally developed on the ventral surface of the body; and ii ^me 
cases this armour may cover the entire body, the form of the scutes, 
or scales, then varying considerably in the different regions. Four 
paired pentedactylate limbs were usually present. 

The pterygoids are always separated from one another in the 
median line. The pelvis ^ of ^he more typical forms is remarkably 
like that of the Pariasaurian .Anomodont Reptiles, presenting the 
same absence of an obturator foramen. 

The paired supraoccipital ossij&cations constitute a feature found 
elsewhere only among the Ganoid Fishes ; and the frequent ossifi- 
cation of the articular bone of the mandible is also a character not 
found elsewhere in the class. In many cases the external surface 
of the bones of the skull (fig. 952), and of the thoracic buckler, is 
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Fig. 952.— Lateral view of the imperfect left ramus of the mandible of Pachyf^onia incurifata; 
from the Lower Mesozoic of India. The letters indicate mucous canals. (After Huxley.) 


sculptured by a series of irregular grooves and ridges ; traversed in 
the former instance by a number of mucous canals. From the 
occurrence of a similar sculpture in the Pariasaurian Anomo- 
donts and the Crocodilians, Professor Seeley regards these groups 
as directly descended from Labyrinthodonts ; and it is evident that 
the passage from the Labyrinthodonts to the former group of Rep- 
tiles is almost a complete one. The gills (fig. 953) of the young 
are generally lost in the adult ; but in one group the external gills 
persist. 

Labyrinthodonts range in Europe generally from the Carboniferous 
to the Trias, and are especially abundant in the Permian ; but one 
genus {Rhinosaurus) persisted to the Lower Jurassic. In North 
America and India this order is abundantly represented in strata 
mainly representing the period from the Carboniferous to the Trias. 
According to the views of Professor Cope and Dr Fritsch, this order 
is to be regarded as one presenting generalised characters, some of 
which approximate to those of modem Amphibia, while others are 

' It should be observed that in the figure of the pelvis of Eryops given in 
fctteTs ‘Palaeontologie,’ abth. i., vol. iii., pt ii., p. 364, fig. 351, the hinder end 
of the ischium is mistaken for the pubis. 
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ReptiliM ; and we may probably regard the Anomodont Reptiles 
as havfcg taken their origin from a group closely allied to the Laby- 
rinthodonts, if not actually from this order. As regards the sub- 
divisions of the order there is still considerable uncertainty, and all 
such divisions must consequently be regarded as more or less pro- 
visional. Dr Fritsch has, indeed, proposed to range the families 
under four series or suborders, according to the external contour of 
the body and the nature of the vertebral column ; this grouping 
being provisionally adopted in the present work, with some emenda- 
tion of nomenclature. 

Suborder i. Branchiosauria. — In this suborder the external 
appearance approaches that of the modern Salamanders. The ver- 
tebrae have centra composed of a single piece, which retains traces 
of the notochord ; the ribs are short and straight ; and* the neural 
canal is dilated in the middle of each vertebra. The teeth are 
simple in structure, and internal gills were developed in the young. 
Some authorities include the next two groups in the present sub- 
order under the name of Lepospondyli. 

Family Protritonid^. — The Branchiosauridc^ of Dr Fritsch, 
being founded on a name which is apparently a synonym, may be 
better known as the Protritonidm, They are characterised by the 
great breadth of the skull (fig. 950), and the smooth teeth. Typi- 
cally the palatines, according to Dr Credner, are small transversely 
elongated bones lying in the 
anterior part of the skull, and 
not joining the maxillae ; this 
arrangement being similar to 
that found in the Ecaudata. 

The type genus Protriton 
{Branchiosaurus or Pleuron- 
ura) is found abundantly in 
the Permian of the Continent ; 
and its development has been 
fully worked out by Dr Cred- 
ner from the study of a large 
number of specimens of all 
ages. The specimen shown 
in fig. 953 exhibits the nearly 
entire skeleton of a small individual, while the details of the cra- 
nial structure are exemplified in the greatly enlarged skull shown 
in fig. 950. 

According to the observations of Dr H. Credner, it appears that 
the youngest specimens known were 25 mm. in length, in which stage 
the creature was aquatic, and breathed by gills, which were supported 
by four pairs of arches. By the time they attained a length of from 60 



Fig, 953.— Ventral aspect of the nearly entire 
skeleton of a young individual of Protnton 
petrolei; from the Permian of France. (Aftei 
Gaudry.) 
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to 70 mm., these larvae cast their gills, and became air-breathers ; their 
development being thus analogous to that of the existing Salamanders. 
The adults measure from 100 to 160 mm. In the course of the meta- 
morphosis the skull decreases somewhat in width, and the thoracic 
buckler grows much more rapidly than the scapula and coracoid, while, 
curiously enough, the pelvis shifts its position, and thus increases the 
number of presacral vertebrae from 20 to 26. In the larva the under- 
side of the body is naked (fig. 953), bvA in the adult there is a complete 
armour of bony scutes on this aspect. 

Other genera of which some may perhaps be included in this 
family are Amphibamus^ from the Carboniferous of Illinois ; Pelion^ 
from that of Ohio ; Batrachiderpeton^ from the Carboniferous of 
Britain ; Hylerpeton^ from that of Nova Scotia ; Bawsonia, from 
the Permian of Bohemia; and Sparodus, from the latter deposits. 
Batrachide^peton is remarkable for the absence of maxillary teeth, 
and the clustering of the palato-vomerine teeth ; Sparodus present- 
ing the latter feature, but retaining the maxillary teeth. The pala- 
tines of the latter genus are splint-like bones interposed between the 
vomers and maxillae. 

Family Apateonid^. — In this family the skull (fig. 954) is tri- 
angular and comparatively narrow, while the teeth are marked by 
small grooves at their summits. The type genus Apateon is found 
in the Carboniferous rocks of Germany, while the allied Melanerpeton 
is from the Permian of Bohemia. An enlarged view of the dorsal 
aspect of the skull of the latter genus is shown in fig. 954, the reten- 
tion of the internal gills indicating that it belonged to an immature 
individual. 

Suborder 2. Aistopoda. — In this remarkable group the body 
has a snake-like form, with well-developed ribs, but probably with- 
out either pectoral or pelvic girdles or limbs. The teeth are not 
folded ; and Dr Fritsch considers that the external gills persisted 
throughout life. 

Family Dolichosomatid^e. — ^This family, which is equivalent to 
both the Flegothonidm and Molgophida of Professor Cope, is repre- 
sented in the Carboniferous of Britain and the Permian of Bohemia 
by Dolichosoma and Ophiderptton, In the former the skull is long 
and narrow, with no sculpture on the bones, and it is probable that 
the body was entirely naked ; but in the latter the skull may have 
been shorter, and there was an armour on both surfaces of the 
body, the scutes on the ventral side being long oat-like splints, 
while those on the back were rounded and shagreen-like. The 
ossified gill-supports Mrere furnished with small enamel-like denti- 
cules. One of the species of Dolichosoma attained a length of about 
tW'O feet Plegcthontia and Molgophis^ from the Carboniferous of 
Ohio, appear to be nearly related. Palceosiren, from the Permian 
of Bohemia, is a gigantic form provisionally included in this family, 
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of which the length is estimated at forty-five feet ; while Adenoderma 
of the same deposits may indicate a distinct family. 

From the many resemblances presented by the Dolichosomatidce 
to the existing Apoda, Dr Fritsch considers it probable that they 
must be regarded as nearly related to tlie ancestral forms from which 
that group has been derived. 

Suborder 3. MicrosauriA. — The Labyrinthodonts included in 
this suborder resemble Lizards in outward appearance, and have 
the centra of the vertebrse more or less elongated, and long, curved 
ribs. 

Family UROCORDVLiDiE. — This family — the Nectridea of Professor 
Miall and the Ftyoniida of Professor Cope — comprises stout, long- 



_Fig. 954.^ — Upper surface of the skull of MeUtnerpettm pusilluml from the Permian of Bohe- 
mia; six times natural size. Branchiae; 0 .s.^ supra-occipital ; other letters as in fig. 950. 
(After Fritsch.) 

tailed forms, in which the epiotic cornua of the skull are much pro- 
duced ; the cranial bones are pitted ; the neural spines and chevrons 
of the caudal vertebrae are much dilated at their extremities and 
pectinated; and caudal ribs are wanting. The type genus Uro- 
cordylus^ as well as Ceraterpeton^ occurs in the (^Carboniferous of 
Britain and Ohio, and also in the Permian of Bohemia ; one species 
of the former attaining a length of about twenty inches. Lepterpeton 
is characteristic of the Carboniferous of Britain and Ohio ; other 
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genera from the latter deposits being Ptyonius^ (Estocephalus^ By- 
pkasmuy and probably Saurop/eura, 

Family LimnerpetidjE, — In the one genus Limnerpetony of the 
Permian of Bohemia, the naked body is more elongated and the tail 
shorter than in the preceding family ; the skull being broad and 



Fig. 955.-- Seeleya putiila ; from the Permian of Bohemia, a, Under surface with scutes re- 
moved on the l<^t side ; and b, Right lateral view of the skeleton of the caudal region. Enlarged. 
(After Fritsch.) 

Frog-like, with smooth bones ; and the upper and lower processes 
of the caudal vertebras simple. The teeth are small, with their sum- 
mits either smooth or folded. 
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Family HvLOPLESiONiDiE. — This family is readily recognised by 
the somewhat narrow head, the smooth cranial bones, and the en- 
velopment of the whole body (fig. 955, a) in an armour of scutes. 
The caudal ribs (fig. 955) are well developed. It comprises the 
genera Hyloplesion^ Seeley a (fig. 955), Ricnodon^ and Orthocosta^ from 
the Permian of Bohemia. Hylonomus and Smilerpeton^ from the 
Carboniferous of Nova Scotia, are imperfectly known forms which 
may belong to the same family, in which case the name Hylonotnidte 
might be adopted., All the species are of small size. 

Family Microbrachid^. — This family includes small slender 
forms, with short pectoral limbs, strongly sculptured cranial bones, 
and scutes covering the entire body. The type genus Microbrachis 
occurs in the Permian of Bohemia, and ha^ a long narrow skull. 
Three species are known. Another representative of this family is 
Tiiditanus^ of the Carboniferous of Ohio, characterised by its broad 
and expanded skull. Cocytinus^ of the same deposits, may be pro- 
visionally placed in this family. 

Suborder 4. Labyrinthodontia Vera. — The genera included 
in this group are characterised by their Crocodile-like bodies ; the 
disk-like centra of the vertebrae, when these are fully ossified ; by 
the vertebral column being, at least in the young, very generally of 
the types known as rhachitomous and embolofnerous ; by the teeth 
being more or less folded ; and by the outer surface of the skull 
bearing a more or less strongly-marked sculpture, frequently accom- 
panied by the presence of the so-called mucous canals. Some 
authorities divide this group into the Temnospondyli and Siereo- 
spondyli, according to the incomplete or complete ossification of the 
vertebral centra ; but Dr Fritsch regards the whole series as con- 
stituting a single group — a view which is supported by the cir- 
cumstance that in many of those forms in which the vertebras are 
fully ossified in the adult, in the young stage their ossification is 
incomplete. 

Before proceeding further it will be advisable to briefly consider 
the nature of the above-mentioned types of vertebral structure. In 
certain genera like Diplospondylus'^ {Diplovertebron) and Cricotus 
each caudal vertebra consists of an anterior centrum carrying the 
neural arch, and a posterior intercentrum to which the chevrons are 
united. These intercentra, according to the views of Professor Cope, 
correspond with the chevron - bearing intercentra of Clepsydrops 
among the Anomodont Reptilia, and the wedge -bones of Sphen- 
odon among the Rhynchocephalians j this type of structure being 
known as the embolomerous. In the trunk vertebrae of other genera 
like Trimerorhachis (fig. 957) and Arckegosaurus each vertebra (fig. 


^ This name has been proposed in lieu of the hybrid Diplovertebron. 
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956) consists of four portions — a basal intercentrum (hypo- 
centrum), a pair of pleurocentra, and a neural arch. In this rha- 


(hiiomous type Professor Cope 



% 


Fig. 956. —Diagram of a rhachitomou'? 
vertebra; from the front and left side. i. 
Pleurocentm ; a, Intercentrum; </, Neural 
spine. (After Fritsch.) 


regards the pleurocentra as repre- 
senting the centrum of the em- 
bolJmerous type, since they both 
carry the arch; and as he finds 
that the functional centra in other 
forms, like Chlydasaurus^ appar- 
ently correspond to the intercentra 
of Archegosaurus^ while the pleuro- 
centra are small and apparently 
about to disappear, it is argued 
that in other Amphibia the real 
centra are totally wanting, and 
the vertebral bodies, which in the 
caudal region have the chevrons 
united to them, are really inter- 


centra, to which the neural arches have been shifted. Professor 


Cope regards the rhachitomous apd embolomerous structures as char- 
acters of at least family value ; but Dr Fritsch considers that the two 
types occur in different regions of one and the same species, as we 



Fig. 957,—- Parts of skull and vertebral column of Trtnurorhachis tnsigytis; from the Permian 
of Nmh America, a, Basi* and exoccipitals ; 6 ^ Lateral and posterior view of angle of 
mandible ; d, f , Portions of vertebral column depressed by pressure ; Intercentra ; PTeuro* 
ctntra. (After Ckipc.) 


know to be the case in some of the Ganoid Fishes {supra, p. 959), 
where we find in Eurycormus and Aspidorhynchus a rhachitomous 
type of vertebrae in the cervical and dorsal regions, and an embol- 
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omerous type in the caudal. An excellent example of the rhachitom- 
ous t3^e of vertebra is shown in fig. 960, the pleurocentra being 
omitted 

It should be observed that this interpretation of the homology of 
the rhachitomous vertebra is not accepted by Mr Hulke. 

Family ARCHEGOSAURiDiE. — The well-known genus Archego- 
saurus, ranging in Europe from the Carboniferous to the Permian, 
may be taken as the type of a family, which for the present may 
include most of those forms in which the dorsal vertebrae are of the 




Fig. 958.— -Upper surface of the cran 
ium of Archegosaurus ; from the Car- 
boniferous. Reduced. PttiXy Premax- 
illa; Afjr, Maxilla ; Na, Nasal ; La^ 
Lachrymal ; Fr^ Frontal ; PFy Pre- 
frontal ; Pa^ Parietal ; PtB\ Postfrontal ; 
PtO^ Postorbital ; Jugal ; QJ^ Quad- 
ratojugal; Sq, Sc^uamosal ; ST, Supra- 
temporal ; Ep, Epiotic ; SO, Supraoccip- 
ital. (After Mtali.) 


. Fi?* 959- — Upper aspect of the 
right carpus of Eryops ; from the 
Permian of North America. Re- 
duced. ^ R, Radius; U, Ulna; 
r, Radiale ; Intermedium ; «, 
Ulnare ; c^, Centralia ; 

1-5, Carpalia; i.-v., Metacarpals 
(After Baur ) 


rhachitomous type throughout life. Its members have, indeed, 
been split up into the Melosauridce^ Trimerorhachidct^ and Eryo- 
pidce ; but the observations of Dr Fritsch indicate that for the 
present at least such divisions are not definable. According to the 
last-named authority this family may be characterised as including 
Labyrinthodonts of medium dimensions ; having cylindrical teeth 
of varying size, in which the folding of the dentine is comparatively 
slight ; the upper surface of the skull being pitted ; the supraoccip- 
itals ridged ; and the trunk vertebrse rhachitomous, and the caudal 
usually enibolomerous. A rijag of bones is usually developed in the 
sclerotic; the ventral surface of the body is always covered with 
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scutes ; and the palatines forp long splints lying 6n the inner side 
of thf maxilfee. This family is evidently the most primitive one 
of the entire order; the vertebral column displaying an arrest of 
development at a stage which is transitional in higher forms. It is 
further remarkable for the small mt of die coracoid, in which respect 
this grbup agrees with the Salamanders and some of the Anomo- 
dont Reptiles. The humerus has distinct condyles, as in the latter 
^oup ; and in the pelvis the pubis is o^ified, slnd, Ijle that of some 
Anomodonts, unites with the ischium without the intervention of 
an obturator foramen. The tarsus and cai^us (fig. 959) are 



960. — Lcfr lateral aspect of the arcH and intercentrum, and posterior aspea of the arch, 
of a dorsal vertebra of Euchirosaurus from the Lower Pdwniandf Frande «, Neural 

spme, with lateral expansions, cUl s, Suture |i|^ween spine and arch* JPre-, Postsyga- 
pophysis, d, Transverse process , r, Rib*facet ; Neural canal, /.c, IntsHryl^*”* (Adapted 
from Gaudry ) 


characterised by the number of centralia, there befng, ^according 
to the interpretation here followed, four of these ttones in the 
former and three in the latter ; and the first centrale articulating 
respectively with the tibia in the tarsus and with the radius in 
the carpus. This type of tarsal and carpal structure is ^evidently 
the most primitive yet observed. 

In Archegosaurus^ and also in Zygosaurus of the Europeii^ Per- 
mian, and Trimerorhachis of the reputed equivalent strata ^ North 
America, the occipital condyles were not ossified ; but they were 
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bony in many nf the other genera. The following genera from the 
Permian Of Europe have vertebrae agreeing in structure with tSose of 
the typical forms, and may be provisionally placed in the same fam- 
ily; they are named Melosaurus^ Osteophorus^ Zygosaurus, Chelydosau- 
ruSy Cockieosaurus^ Gaudrya^ Actinodon^ and Euchirosaurus, Spheno- 
SOUTHS, from the Pe?rmian of Bdiemia, has also been placed here, 
although some writers regard it as a Reptile, ^he name Disco- 
SOUTHS has al|(^ been applied to a %iember oLthis group from th<l 



Permian of fifresden, but it is preoccupied in the Sauropterygia. 
Portions of a vertebra of EucMtosoutus, from Autun in France, are 
shown in fig. 9^0, the neural spine being remarkable for the great 
lateral e3i|>ansfen of its summit ; according to Dr Fritsch^s restora- 
tion (fig. 956) the pleurocentra belonging to this vertebra would be 
on^dn^khtertor side, but Dr Zittel would rather regard those on the 
posterifil* aspect as referable to this segment of the column. In 
the Bijof! stage of the Ldwer Gondwanas of India this group is 
VOL. 11. ^ 
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represented by GondzvanosaUrus ; while, if we may judge by a 
detached intercentrum which may belong to it, Rhytidosteus^ of the 
Karoo system of South Africa, should also find a place here. The 
American Permian, in addition to Trimerorhachis, has also yielded 
Zatrachys, Eryops^ Acheloma^ and Anisodexis, Eryops includes very 
large species, in which the nares are widely separated and not 
placed at the extremity of the snout, and the thoracic plates are 
not sculptured. 

Family DiPLOSPONDYLiDiE. — This family^ is proposed by Dr 
Fritsch for the genus DiplospondyluSy from the Permian of Bohemia, 
characterised by the embolomerous structure of the entire verte- 
bral column, and the absence of pits on the skull. Cricotus (fig. 
961), from the Permian of Illinois and Texas, appears to be an 
allied forn?, which Professor Cope makes the type of the family 
Cricotidce, 

Finally, it may be mentioned here that the genus Ichtky acanthus^ 
from the Carboniferous of Ohio, which is frequently placed in the 
Microsauria, is described as having rhachitomous vertebrae. 

Family Nyraniid^e. — The genus Nyrania^ from the Permian of 
Bohemia, of which the skull is shown on an enlarged scale in figs. 
824, 825 (pp. 902, 903), differs from Arckegosaurus in that the pala- 
tines, in place of forming splints on the inner side of the maxillae, 
are situated near the middle line, internally to the vomers and 
pterygoids, and would therefore seem to represent a distinct family. 
This arrangement of the bones of the palate is similar to that 
obtaining in the existing Caudata. Some of^^^e -ynera noticed 
among the ArchegosauridcB^ in which the skuB^is unknown, may 
belong to this family. 

Family DENORERPEXiDiE. — This family, which may be taken to 
include the Brachiopina of Professor Miall, contains several genera, 
of which the precise serial position and full affinities are at present 
somewhat uncertain. The skull is parabolic, and marked by deep 
pits ; the parasphenoid in the type genus has a short stem ; and the 
teeth have irregular foldings at the base. The vertebisee were fully 
ossified, and may have been of the embolomerous type. The type 
genus Dendrerpeton is a medium-sized form occurring in the Car- 
boniferous of Nova Scotia and the Permian of Bohemia, and char- 
acterised by the orbits being placed near the centre of the skull. 
Another group of genera, constituting the above-mentioned Brachio- 
pina, appears to agree so closely with the type in cranial characters, 
that it may at least provisionally be included in the same family. 
The orbits are generally placed somewhat anteriorly. This group 
comprises Brachyops^ known by a single skull from the Mangli.^age 
of the Upper Gondwana system of India ; Micropholis {Petrophryne\ 
^ Diplovertehrida^ see note, p. 1027. 
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from the Karoo system of South AfnCa ; Bothriceps, from the Lower 
Mesozoic of Australia ; and Rhinosaurus, from the Jurassic of the 
Ural Mountains. There is frequently a lyra on the skull, but this 



Fig. 962. — Oral view of palate, much reduced, Tooth, natural sue, of Baphetes planiceps; 
from the Carboniferous of N ova Scotia. 


is wanting in Micropholis, as in Dendrerpeton, It is probable that 
a young skeleton from the Lower Mesozoic Hawkesbury beds of 
New South Wales, described under 
the preoccupied name of Flatyceps^ 
belongs to Bothriceps, 

Family Anthracosaurid.®. — In 
this family the vertebral column is 
fully ossified in the adult ; the t^th 
are deeply infolded ; the mucous 
canals betwe^ tl^pi orbits and the 
nares form a lyf6-shaped pattern 
known as the lyra ; and the ventral 
surface of the body typically has a 
covering of bony scutes. The skull 
may be parabolic, but is usually tri- 
angular. This family may be divid- 
ed into three subfamilies. The first, 
or Baphetince, is represented solely 
by the genus Baphetes^ of the Car- 
boniferous of Nova Scotia, which 
can only be provisionally placed in 
this family. It is only known by 
the imperfect skull (fig. 962), which 
is broad, and rounded anteriorly. 

In the LoxommatincB{Chauliodontia\ the members of the one genus 
Loxomma attain a large size, and are characterised by the triangular 
skuU 963), which has large posterior projections, with the lyra 
forming two straight grooves, continued posteriorly as ridges. The 
teeth are compressed, large, and irregular, with the foldings deeper 



Fig. 963. — Upper view of the skull of 
Loxomma Allmanni; from the Carbon- 
iferous of Durham. Reduced. Letters 
as in fig. 958. (After Miall.) 
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than in the AnAegosaurida. The vertebral centra are disk-like, 
and may perhaps be embolomerous. Loxomma (fig. 963) occurs 
in England in the Carboniferous, but has also been recorded 



Fig. 964.— Dorsal surface of the skull of Anthracosewrus Russelli; from the Carboniferous 
of Eugland. One*sixth natural size. (After Atthey.) 


from the Permian of Bohemia. The large size of the orbits is 
well shown in the figure ; another characteristic feature being the 
absence of a postglenoidal process to the mandible. The ventral 
scutes are unknown, and if it be eventually found that these are 
wanting, this genus should perhaps form the type 
^ of a distinct family. In the typical subfamily 

Anthramaurina the skull (fig. 964) is triangular, 
characterised by the small size ^f the pala- 
HS tal vacuities ; while the teeth are subcylindrical. 

SI The type genus Anihracosaurus occurs, as its 

^kI name implies, in the Carboniferous, ranging from 

m Britain to the Continent. One of the dermal 

llw ventral scutes is shown in fig. 965. The skull 

was also covered with scales or scutes; and it 
Fig. 965.— Seta® of appears from one specimen that these scutes did 
Atthey.) not extend over the parietal foramen, which in- 

duces Dr Credner to consider that the Palaeozoic 
Labyrinthodonts were provided witih a functional parietal eye, of 
which an aborted rudiment persists in Sphenodon. The imperfectly 
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known Dasycep^ from the English Permian, is allied in cranial 
structure to Anthracosaurus, Moreover, some writers place in this 
family the imperfectly known genera Platyop, from the Permian 
of Russia, and Macromerion^ from the corresponding strata of 
Bohemia. 

Family MASTODONSAURiDiE. — ^The members of this family, to- 
gether with some of the Antkracosauridce^ constitute the Euglypta 
of Professor MialEs classification, and may be regarded as the 
typical representatives of the order. They are distinguished 
from the latter family by the still more complex structure of the 
teeth ; the stronger sculpture of the skull ; and the absence of 
scutes on the ventral surface of the body. Large palatovomerine 
teeth (fig. 966) are placed on the inner side of the maxillary 
teeth, and there is a corresponding inner series of small teeth in 



Fig. 966. — Palatal aspect of the cranium 
of Mastodflnsaurtu ; from the 

Keuper of WQrtemberg. Reduced. (After 
MiJl) 




Fig. 967. — Mastodonsaunts 
ffiganteus. a, Dorsal aspect 
of skull, greatly reduced , 
tooth on a larger scale. 


the mandible ; while there is no bony ring in the sclerotic. The 
following features may be also noticed, although some of them are 
common to the typical Anthracosauridm. The mandible has a 
large postglenoidal process, and the crowns of the teeth are conical. 
The palatines have the same position as in the Archegosaurida. In 
the pelvis of the type genus the pubes are separate from the ischia, 
and do not enter into the formation of the acetabulum ; and the 
sacral ribs form kidney-like disks. The centra or bodies of the ver- 
tebrae in the adult form disks which are fully ossified ; but in the 
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young, as we infer from Mastodonsaurus^ in which alone this feature 
has been observed, they were rhachitomous, as in the adult condi- 
tion of the Archegosauridcp, The palatal vacuities were large and 
approximated, as is well shown in fig. 966. This family may be 
divided into two groups, according to the presence or absence of 
an inner articular buttress at the proximal extremity of the mandible. 
The group in which this buttress is present is represented by the 
type genus Mastodonsaurus^ best known by the huge Mastodonsaurus 
giganteus (figs. 966, 967) of the Trias of Europe, which probably 
attained a length of seven or eight feet, and ranged from the Mus- 
chelkalk to the Rhaetic. Besides other European Triassic species, 
this genus is also represented in the Lower Mesozoic (Maleri stage) 
of India by a form closely allied to M, giganteus^ and by another in 
the Hawkesbury beds of New South Wales. Figure 968 shows the 




Fig. 968.— Transverse section of a segment of a tooth 
of Mastodonsaitrus giganittis. Greatly enlarged. (After 
Owen.) 


Fig. 969. — Fragment 
of jaw of one of the 
M astodon&auridte ; from 
the Upper Gondi^nas 
of India a shoA the 
section of a tooth. 


Structure of a transverse section of a segment of a tooth of this 
genus ; the mode of attachment of the teeth to the jaw being ex- 
hibited in fig. 969. In the transverse section it will be observed 
that there is one set of sinuous linear interspaces communicating 
with the exterior, and a corresponding series (separated from each 
other by the dental wall) of sinuous processes from the central pulp- 
cavity. Other genera of this group are Capitosaurus (including 
Cfdotamurus\ from the Keuper of Germany ; Trematosaurus^ from 
the Bunter of the same country, distinguished by its more slender 
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skull; and the apparently allied Gonioglyptus^ from the Panchet 
stage of the Lower Gk)ndwanas of India. Fachygonia (fig. 952), of 
the latter deposits, may also be provisionally included in this group. 
From the Maleri stage of the Upper Gondwanas we have also a 
Labyrinthodont apparently closely allied to Capitosaurus^ and thus 
indicating a precise parallelism in the evolution of the group in the 
Indian and European horizons. Here also we may perhaps place 
a small form described under the provisional name of Glypto- 
gnathus^ from the Indian Panchets. MetopiaSy of the Continental 
Keuper and Rhaetic, is distinguished from the preceding genera by 
the more anterior position of the orbits ; Labyrinthodotiy of the 
English Keuper, being probably allied. The second group is repre- 
sented by DiadetognathuSy of the Warwickshire Trias, in which the 
mandible has no inner articular buttress, • 

Of Uncertain Family. — Here may be mentioned the genus 
EosauruSy founded upon large vertebral centra (fig. 970), from the 



Fig, 970. — Two vertebral centra of Eo^aurus acadianus ; from the Carbonifejous 
of Nova Scotia. (After Marsh.) 


CarbomfeTOUS ol l^ova Scotia, wbicb were regarded by Professor 
Marsh as belonging to an Ichthyosauroid Reptile, but which really 
indicate a large Labyrinthodont, perhaps referable to the Masto- 
donsaundcd. 

Leaving out some ill-defined genera, mention must be made of 
Pteroplaxy of the British Carboniferous, which was formerly classed 
next to Batrachiderpeton. The skull is elongated, and remarkable 
for the incomplete orbits ; while it appears that many of the ordi- 
nary bones are wanting. The cranial bones have a pitted sculpture ; 
and the vertebral centra are thick and fully ossified. 


1038 


fLASS AMPHIBIA. 


Labyrinthodont Footprints. — In the Bunter, or Lower Trias 


of Germany, and also in the Keuper, or upper division of the same 



S5rstem in Cheshire and Warwickshire, 
there are frequently found long series 
of the impressions of the feet of five- 
toed animals, which have generally been 
regarded as those of Labyrinthodonts, 
although it has been suggested by Pro- 
fessor Miall that some of them may be 
Dinosaurian. These footprints were 
described under the name of Chirothe- 
riuM, on the supposition that they were 
of Mammalian origin ; but in case this 
should prove incorrect the alternative 
name Chirosaurus was proposed, and 
since they are certainly Saurian, the 



Ffj|. ^o6is » — Footprints of Chirosaurus Bariki^ from the Bunter sandstone of Hessberg, 
near Hildburghausen, Germany. Reduced. 


latter name should be adopted. These impressions (fig. 970 his) 
were made by Saurians in which the hind foot was much larger 
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than the fore foot, some of those of the hind foot having a length 
of eight inches. The absence of any known Dinosaurians from 
the Bunter is strongly in favour of the Labyrinthodont nature of 
these tracks; and it has been suggested that those described as 
Chirosaurus Barthi were made by Trematosaurus Brauni of the 
Bunter, the skull of which has a length of eight inches. If this 
should prove to be the case, the name Trematosaurus would have 
to yield to the earlier Chirosaurus, The largest tracks from the 
Keuper of Cheshire have beeU described as C, Herculis, Other 
tracks of feet from the Permian and Trias, which may be of Laby- 
rinthodont origin, have been described under distinct names which 
it will be unnecessary to quote. 

Order 1 1 . Apoda. — The remarkable limbless Caecilians being 
unknown in a fossil state require no further mention. * 

Order III. Caudata. — In this order the body is elongate, and 
either lacertiform or anguiform, with a tail, and usually with two, 
but occasionally only one, pairs of limbs. The cranium lacks the 
postorbital, supratemporal, and supraoccipital bones of the Labyrin- 





Fig. 971. —Outlines of Siren (a), Ampkinma (b), and Meuobranchus (c). Reduced. 
(After Mivart.) 


thodontia, and the palatines are approximated to the middle line, 
and placed internally to the vomers and pterygoids. The ribs are 
short, and the bodies of the vertebrae are either amphi- or opistho- 
ccelous. The resemblance in the contour of the skull and the 
short ribs to the Protritonidee suggests an affinity between the two 
groups ; but the position of the palatines is rather indicative of a 
relationship with the Nyraniida, 
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Family Hyl^eobatrachid^. — This family is formed for the 



reception of HylmobatrachuSy from the Wealden of Belgium, which 
appears to be an ancestral form allied to the Proteidcs^ but distin- 
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guished by the presence of a maxilla, and of five digits to the 
feet. 

Families Sirenidas and Fmtewm , — Stren (fig. 971, a) and 
Proteus^ together with Menobranchus (ihid,^ c) are characterised by 
the persistent gills, the absence of maxillse, the amphicoelous verte- 
brae, and the reduction of the number of the digits below five ; Siren 
differing from the other two by the absence of pelvic limbs. No 
fossil representatives are known. 

Family AMPHiUMiDiE. — In this family the gills are shed, and 
maxillae are present ; but it agrees with the two last in the amphi- 
coelous vertebrae, the cartilaginous carpus and tarsus, and the ab- 
sence of eyelids. In the typical North American genus Amphiutna 
(fig. 971, b) the body is much elongated, and the limbs are very 
short. Another American genus is Menopoma^ allied tb which is 
Megalobatrachus {Cryptobranchus or Sieboldia\ typically represented 
by the Gigantic Salamander (Af. maximus) of China and Japan, and 
in which we may probably include the large Salamander (fig. 972) 
from the Upper Miocene of Switzerland, originally regarded as 
human, and subsequently described under the name of Andrias. 

Family Salamandrid^. — The true Salamanders lose their gills, 
although there are instances, as in Ambly stoma {Siredon\ where 
they persist in some individuals. Eyelids are present ; the vertebrae 
are generally opisthocoelous ; and the carpus and tarsus more or less 
ossified. This family is now represented in Europe by the Sala- 
manders (Salamandra) and Newts (Molge or Triton). In a fossil 
state the existing Molge cristata (fig. 973) occurs in the Norfolk 



Fig. 973. — The Crested Newt {Molge cristata). 


Forest-bed, and representatives of this genus have also been recorded 
from the Middle and Lower Miocene of the Continent. The latter 
deposits have also yielded remains referred to Salamandra^ while the 
name Chelotriton has been applied to an imperfectly known form from 
the Lower Miocene of St G^rand-le-Puy, in Allier. Heltarchon^ from 
the corresponding strata of Rott, near Bonn, is allied to Salamandra.^ 
and may not improbably be identical with Chelotriton. Megalo- 
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triton is a large form from the Upper Eocene Phosphorites of 
Central France. 

Order IV. Ecaudata. — The Frogs and Toads form a highly 
specialised order of comparatively late origin. In the adult the 
body is short, destitute of a tail, and furnished with four limbs, of 



Pig- 974*-— A, Skeleton of the frog{Rana iem^raria) : tr. Transverse processes of vertebrae ; 
sa, Sacrum ; ur, Urostyle ; *, tJium ; x, Suprascapula ; b, Humerus ; ah, Radius and ulna : c. 
Carpus; p, Pollex;/, Femur; cr, Tibia and fibula; ca. Calcaneo-astragalus ; Tarsus: x>, 
Prohallux. B, Pectoral arch and sternum of Frog (after Gegcnbaur). The dotted parts represent 
cartilages, x, Epistcmura ; o. Omostemum ; Body of the sternum ; Xiphistcmum ; sd ^ 
Suprascapula ; $c^ Scapula ; c/, Preooracoid ; Coracoid ; x, Epicoracoid. 

which the pelvic pair is the longer, and adapted for leaping. There 
are no gills. The skull is short and wide, with enormous orbits, 
and the parietals confluent with the frontals. A peculiar ossification 
known as the girdk-bone encircles the skull in the ethmoidal region, 
and there is a predentary ossification in the mandible. The pre- 
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sacral vertebrae are few in number, and generally procoelous ; there 
is but one vertebra in the sacrum ; the vertebral column terminates 
in a long urostyle (fig. 974, and there are usually no separate 
ribs. The ilia (/) are prolonged backwards, so as to throw the 
acetabulum far behind the sacrum ; the radius and ulna {ab\ and 
the tibia and fibula {cr) are respectively fused together ; and the cal- 
caneum and astragalus {ca) greatly elongated. There are five digits 
in each foot, with an additional ossicle {s/) in the pes which 
apparently represents a prohallux. 

According to the presence or absence of the tongue this order is 
divided into the suborders Phaneroglossa and Aglossa; the latter 
containing only the two families Dactylethridce, and PipidcB. The 
Phaneroglossa are subdivided into the Firmisternine and Arciferine 
series ; the former characterised by the epicoracoids forming a band 
connecting the coracoids (fig. 974, b), and the latter by the over- 
lapping of the epicoracoids. Since fossil forms are but very imper- 
fectly known, only brief mention will be made of those families 
which have fossil representatives. 

Family Discoglossidai:. — Commencing with the Arciferine series 
of the Phaneroglossa the present family is distinguished from those 
that follow, and thereby approximates to the Newts, in having opis- 
thocoelous vertebrae and rudimentary ribs. The European genus 
Bombinator is probably represented in the Upper Miocene of Swit- 
zerland ; although some writers have referred the fossil species to a 
distinct genus under the name of Pelophilus, Opisthocoelous ver- 
tebrae from the Middle Miocene of Sausan, in Gers, may belong 
either to Bombinator or to the other existing European genus Alytes. 
Bufavus, from the Middle Tertiary of Italy, is said to present many 
affinities to the present family, but in the absence of ribs approxi- 
mates to the one that follows. 

Family Pelobatid^e. — This small family is characterised by the 
presence of teeth in the upper jaw ; the absence of ribs ; and the un- 
expanded extremity of the sacrd rib. The vertebra are usually pro- 
coelous, although occasionally opisthocoelous. The existing genus 
Pelobates occurs in the Miocene of Sausan, while the imperfectly 
known ProtopeiobateSy from the Miocene of Bohemia, may belong 
either to this or the next family. 

Family PALiEOBATRACHiD^E. — ^This extinct family has teeth in the 
upper jaw ; no ribs ; expanded ribs to the sacral vertebra ; and pro- 
coelous vertebrae. The single genus Palceobatrachus [Probatrachus) 
is now known to have been widely distributed over the Continent 
during the Lower Miocene ; more than a dozen species having been 
described. 

Family Bufonid-®. — The true Toads are characterised by the 
total absence of teeth and dorsal ribs ; the expanded extremities of 
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the ribs of the sacral vertebra ; and the procoelous vertebrae. Of 
the type genus Bufo existing species occur in the European and 
Indian Pleistocene. B, Gessneri^ of the Upper Miocene of Switzer- 
land, appears closely allied to the living B, viridis^ although, to- 
gether with another species from the same beds, it has been made 
the type of Falceophrynus, Dr Filhol records the type genus from 
the Upper Eocene Phosphorites of France. 

Family CvsTiGNATHiDiE. — This family represents the Frogs in 
Tropical America and Australia. The huge Ceratophrys cornuta^ or 
Horned Frog of Brazil, occurs in the cave-deposits of that country ; 
while Latonia^ of the Swiss Miocene, appears to be a closely allied 
if not identical genus, characterised by the smaller head, more 
slender pelvis, shorter manus, and longer pes. A somewhat similar 
instance distribution occurs in the case of the Chelonian Chely- 
dra. The cave-deposits of Brazil have also yielded remains of the 
existing Leptodactylus pentadactylus. 

Family Ranid^e. — In the Firmisternine series the True Frogs 
have teeth in the upper jaw, and the extremities of the sacral ribs 
are not expanded. Bana is represented by existing species in the 
Norfolk Forest-bed, and probably in the Pleistocene of Sardinia; it 
probably also occurs in the Miocene of Sausan and other places on 
the Continent ; and has been described from the Upper Eocene 
Phosphorites of Central France, where the one known species seems 
to be allied to the Indian F, tigrina. The Oriental genus Oxyglos- 
susy in which there are no vomerine teeth, is found in the Eocene of 
Bombay. Ranavus, from the Middle Tertiary of Italy, may perhaps 
belong to this family, although it is said to show affinity to the Feio- 
batidcB ; and we may here mention the imperfectly known Amp At- 
rana, BatrachuSy and Frotophrynus of the Lower Miocene of France, 
although their family position may be doubtful. 
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CHAPTER LII. 

CLASS MEFTILIA, 

General Structure. 

With the Reptiles we enter upon the consideration of the first of 
two classes which, from the possession of many common characters, 
have been brigaded together by Professor Huxley under the name 
of Sauropsida. The name Monocondylia had, however, been pre- 
viously proposed by Haeckel for these two classes, and some writers 
consequently prefer to use this term. These two classes are the 
Reptilia and the Aves, or Birds ; and although recent research has 
shown the existence of a close affinity between the more generalised 
Reptilia atid the Amphibia, and thus with the Mammalia, yet it has 
in no wise tended to interfere with this association. It should, how- 
ever, be observed that since it is probable the Reptiles have taken 
origin from forms more or less nearly allied to some of the earlier Am- 
phibia, with which we are at present acquainted, it is obvious that 
there must once have existed animals in which the characteristic fea- 
tures of the true Amphibia and the Reptilia were more or less blended, 
and riiat the practicability of drawing a distinction between the two 
classes is thus (as in other cases) more or less due to the imiperfec- 
tion of our knowledge. With this proviso, and bearing in mind that 
some of the more generalised forms with which we are even now 
acquainted may not conform in every detail with the undermentioned 
characters, the Reptilia as a whole, together with the Birds, may be 
distinguished from the preceding classes on the one hand, and from 
the Mammalia on the other, by the following features. 

.Epidermal structures in the form of scales or feathers are gener- 
ally present, but there are never hairs. The vertebrae, which are 
Gasified, usually have no epiphyses.^ The basioccipital, with one 

^ These are present in some of the Saoropterygia among Reptiles, and in 
Parrots among Birds. 
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or two exceptions, is completely ossified ; and, in conjunction with 
the exoccipitals, forms the single occipital condyle by which the 
cranium articulates with the atlas vertebra. In the adult there is, 
as a rule, no distinct parasphenoid ^ on the base of the skull. The 
mandibular rami respectively consist of an articular cartilage-bone and 
of several membrane-bones ; the articular bone being connected with 
the squamosal of the cranium by a quadrate. The apparent ankle- 
joint, in all existing forms, is situated between the proximal and 
distal rows of the tarsus ; and not, as in the Mammalia, between 
the tibia and astragalus. Gills are never developed during any 
period of life; the embryo is provided with an amnion and an 
allantois ; and there are no mammary glands. As the palaeontologist 
will not have to deal with the other distinctive features derived from 
the soft parts, it will not be necessary to refer to them in this work. 

Regarding the features of Reptiles as distinct from Birds, the 
approximation between the two classes is so close that it is difficult 
to give any very clear diagnosis. In the present class, however, the 
epidermal structures take the form of overlapping horny scales 
(Squamata), or of shields with their edges in apposition (Chelonia) ; 
while dermal bony scutes are very frequently developed. The ver- 
tebrae may be amphicoelous, opisthocoelous, or procoelous ; but the 
centra of the cervicals do not have cylindroidal and saddle-shaped 
articular surfaces. The sacral vertebras, when present, have broad 
expanded ribs for articulation with the ilia. The sternum in exist- 
ing forms is rhomboidal ; and the ribs may be attached to it by a 
backward median process, or processes. The interclavicle is never 
fused with the clavicles. There are more than three digits in the 
manus ; and never less than three in the pes. Except in the Thero- 
morous branch, the three elements of the pelvis as a rule 
remain distinct ; ^ and there is apparently no known instance, except 
one which may probably be regarded as a pathological peculiarity, 
of the fusion of the metatarsals, or of their union with the distal row 
of the tarsus. In all living Reptiles there is both a right and a left 
aortic arch ; the arterial and venous circulations are at best but im- 
perfectly separated ; and the blood is cold. 

Since the various orders of Reptiles differ so greatly from one 
another in structure it will be advisable to make most of our obser- 
vations on their osteology under those several headings. As a rule, 
however, the bones of the cranium retain the general arrangement 
observable in the Amphibia; there being distinct postorbital or 
postfrontal ossifications ; usually either one or two temporal arcades ; 
and distinct post-, supra-, and infratemporal fossae, as defined in the 

^ Dr Baur suggests that this bone may be present in Palaohatterta. 

» They are anchylosed in Tesiudo atlas of the Indian Siwaliks, and also in 
Miolania, 

VOL. II. L 
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introductory chapter (p, 904), The bones of the skull are of a 
dense ivory-like structure, and in most cases their sutures persist; 
although in certain groups the premaxillae, frontals, and parietals 
may respectively unite. A new element — the transverse, or trans- 
palatine, bone (fig. 1089, Ts) — connecting the maxilla with the 
pterygoid, appears ; but this is absent in the Chelonia and some 
Ophidia. An epipterygoid, or columella, connecting the pterygoid 
with the parietals, may also be present A parietal foramen may or 
may not be present ; and the occipital condyle is usually placed at 
the hinder extremity of the cranium. The apertures of the external 
nares may be terminal, as in the Amphibia, or approximated to the 
orbits, as in the Birds ; and the bones of the palate may develop 
a floor underlying the narial passage and thus cutting it off from the 
mouth. *As a general rule the mandibular symphysis is not an- 
chylosed ; but this takes place in the Chelonia and Ornithosauria. 
The quadrate may be either loosely or immovably attached to the 
cranium. 

The dentition is usually well developed, and the teeth of different 
parts of the jaws are occasionally more or less differentiated ; although 
there is no known instance where they are implanted by double roots, 
or where their crowns have deep infoldings of enamel. They may be 
present not only in the jaws, but also upon the palatine, pterygoid, 
and more rarely the vomer. In other instances, however, teeth may 
be entirely wanting, and the jaws simply ensheathed in horn. The 
teeth may be anchylosed to the outer side of the jaws, when the 
dentition is termed pleurodont (fig. 975) ; or to their summits, when 

the term acrodont is ap- 
plied; or they may be 
set in a groove, with or 
without anchylosis to 
the bone; or, finally, 
they may be placed in 

Fig. 975.~Ianer view of the left ramus of the mandible of distinct SOCketS, when 
Iguana. . ’ 

the dentition is said to 
be thecodont. The teeth on the palate are generally anchylosed to the 
subjacent bones. There is usually a continuous succession of teeth 
developed throughout life ; the new teeth coming up beneath those 
in use and absorbing the base of the crown, as is shown in the teeth 
of the Gharial represented in fig. 1090. In shape the teeth of 
Reptiles present great variation; but a very common type, from 
which many of the Variations are derived, consists of a more or less 
laterally-compressed and recurved cone, with fore-and-aft cutting 
'edges, or carinm, which may or may not be serrated (fig. 976). Oc- 
casionally, however, the teeth of the jaws or those of the palate 
may have nearly flat crowns adapted for crushing (fig. 986). 
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When both pairs of limbs are present the vertebral column 
is differentiated into cervical, dorsal, lumbar, sacral, and caudal 
regions ; and the vertebrge themselves are 
invariably ossified, although in some prim- 
itive types a small notochordal canal may 
perforate their centra. In a large number 
of existing forms the majority of the centra 
are procoelous ; but they are amphicoelous 
in many fossil and a few existing types ; 
while among the Dinosauria and Chelonia 
an opisthocoelous type is common in parts . Fig. 076. — Profile and lateral 
of the series. In all cases there is an in- Dinosaur {Massos/>pndyius\ with 
tercentrum between the skull and the atlas ; fro*iirthT‘MesozS?lrf”^^^^ ’ 
which may either form the inferior ring of 

the latter, or, when the centrum of the atlas is separate (Ichthyoptery- 
gia), may be of the normal wedge-like form. In some groups addi- 
tional articulations may be developed on the arches of the trunk verte- 
brae, taking the form of a wedge-shaped process, or zygospkene, fitting 
into a corresponding cavity, or zygantrum (fig. 977). The transverse 
processes of the dorsal verte- 
brae may be either long (fig. 

1058) or very short (fig. 

977); and the ribs may ar- 
ticulate either by a single 
head with the transverse 
process, or by two heads 
to different portions of the 

1 uorsai verieora ui a oiiaKe. xiic in a un me 

same process, or by one ar- sides of the neural canal are the zygantra. 

ticulation to the latter and 

by another to a facet on the arch or the centrum ; there being great 
variation as to the position of the transverse processes and rib-facets 
in different groups, and also in the different parts of the column of 
a single animal. Occasionally the ribs articulate at the junction of 
two vertebrae. Chevron-bones are generally present in the tail ; and 
intercentra may be retained. No living Reptile with limbs has less 
than two sacral vertebrae, and in certain extinct forms the number 
may be increased to five or six. In nearly all Reptiles the tail is 
well developed. The ribs may have uncinate processes. In many 
existing forms the sternum, which may be ossified, is rhomboidal, 
and may have the last pair of ribs attached to a backward median 
process. Its structure in many fossil groups is not known, but 
according to Professor Marsh's interpretation some of the Dino- 
saurs had paired sternal ossifications, corresponding to the two 
centres from which the sternum develops in the Ratite Birds. 
Abdominal ribs may be developed in the parietes of the ventral 
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Fig. 977.— Posterior (a) and haemal (a) aspects of a 

1 ...1 _ c 



CLASS REPTILIA. 


1050 

surface of the abdomen, and consist of a median and two lateral 
moieties. 

In the pectoral girdle the scapula is generally a more or less 
elongated bone, with an expansion at its glenoidal extremity. A 
separately ossified precoracoid exists only in the Anomodonts (fig. 
978 bis\ this bone being in other cases fused either with the 
scapula, as in the Chelonia (fig. 1008), or with the coracoid, as in 
Lizards (fig, 830) ; the fontanelle which frequently occurs in the 
latter instances apparently marking the original line of separation 
of the two bones. The coracoid may vary in shape from a long 
spatulate form (Chelonia) to that of a cheese-cutter (Dinosauria). 

The humerus has in many cases no distinct distal condyles 
(trochleae)^ although these are well developed in the Anomodonts, 
Lizards, and Sphenodon. In the more generalised types there is fre- 
quently an entepicondylar foramen to this bone, but in the Lizards 
and Chelonians the foramen or groove is ectepicondylar ; and in a 
few instances both foramina are present. The radius and ulna 
always remain distinct. The number of bones in the carpus varies 
considerably in the different orders, but in Sphenodon alone among 
existing forms is there more than a single centrale ; the five distal 
bones (carpalia) may be all distinct from one another (fig. 829). In 
the pelvis of the majority of reptiles, the ilium is produced more 
behind than in front of the acetabulum (fig. 831), and the latter is 
more or less completely closed by bone; while the pubis (fig. 831) 
is directed downwards and forwards, and, like the ischium, usually 
meets its fellow in a ventral symphysis. Among the Dinosaurians, 
however, the pelvis may be of a Bird-like type, when the pubes do 
not form a symphysis. Usually the obturator interval forms an 
open notch ; but by the ventral union of the pubis and ischium of 
the same side this notch may be converted into a foramen. The 
femur among the Dinosaurs may develop an inner trochanter ; and, 
except in some Omithosauria, the fibula always remains distinct 
from the tibia. As in the carpus, the elements of the tarsus vary 
considerably in the different groups, but the centrale (navfctilar) is 
only present in the Anomodontia, the Proterosauria (according to 
Professor Seeley), one family of Chelonians, and the Ichthyo- 
pterygia ; while, with the exception of a few extinct types, and perhaps 
the existing Chelonia, the fourth and fifth tarsalia in all land forms 
coalesce into a single bone, which supports the fourth and fifth 
metatarsals. In certain groups— -such as the Anomodontia and 
many of the Chelonia (fig. 829) — the number of phalangeals in the 
feet of pentedactylate forms may be the same as in Mammals, or 
3» 3> 3> 3 — the digits being reckoned from the first to the fifth. 
In Lizards, however, and their allies the number of ^phalangeals is 
usually 2, 3, 4, 5, 3 in the manus, and 2, 3, 4, 5, 4 in the pes. 
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The same numbers obtain in some Dinosauria; but in existing 
Crocodilia, in which the fifth digit of the pes is aborted, the 
numbers are a, 3, 4, 4, 3 and 2, 3, 4, 4. Among the Sauro- 
pterygia and in the Ichthyopterygia the number of phalangeals is 
greatly increased. In a large number of forms the tail is long; 
but it is generally short in the Anomodontia, Sauropterygia, and 
Chelonia. 

As regards the classification of Reptiles, scarcely any two writers 
agree as to the number of orders into which the class should be 
divided, and still less as to their mutual relations, and the larger 
groups under which these orders may be arranged. There is indeed 
but little difficulty in regard to existing forms, in which the few 
orders have become more or less sharply differentiated ; but when 
we go back to the early part of the Mesozoic epoch, vfe find that 
nearly all the orders into which the class has been divided show 
such signs of passing more or less completely into one another, that 
it is quite impossible to exhibit their true relationship by any system 
of linear classification. The best arrangement seems, therefore, to 
group the orders under a series of diverging branches, which will 
approximate to one another more and more as we recede in time — 
until, about the epoch of the Lower Permian or possibly the Carbon- 
iferous, it is probable that, if we knew all the extinct forms, these 
branches would be seen to originate either from one, or from but very 
few parent stems. In regard to the number of these branches, there 
is still room for a considerable amount of discussion ; almost the 
only absolutely sure ground that we can feel being the association of 
the three orders forming the Archosaurian branch. To a less extent 
the same remark applies to the orders themselves ; and the right to 
ordinal distinction of the Proterosauria is not admitted by many 
writers, while there is not perfect accord in regard to that of the 
Rhynchocephalia. The provisional arrangement which is adopted 
in this work is a modification of one recently proposed by Dr G. 
Baur, of New Haven, and may be tabulated as follows, viz. : — 


Therotnorous Branch, 
Synaptosaurian »« 


Streptostylic •» 


Archosaurian n 


Order 

{ :: 


r. Anomodontia. 

2. Sauropterygia. 

3. Chelonia. 

4. Ichthyopterygia. 

5. Proterosauria. 

6. Rhynchocephalia. 

7. Scjuamata. 

8. Dinosauria. 

9. Crocodilia. 

10. Omithosauria. 


It may be added that the close approximation to the Amphibia 
presented by the earlier members of several of these branches 
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suggests the idea that Reptiles may have been derived from the 
Amphibians by more than one line of descent. 

The Reptiles in the passage of time have suffered more severely 
than any other class of the Vertebrata, only four of the above-men- 
tioned ordinal groups — viz., the Chelonia, Rhynchocephalia, Squa- 
mata, and Crocodilia — now existing ; and the second of these being 
represented only by a single genus with two species. There is some 
doubt as to the earliest known appearance of the class, since it has 
been thought that Mesosaurus {Stereosternum) may be of Carbon- 
iferous age, but it is more probably Permian. In undoubted Per- 
mian we have the Proterosauria, many of the European Anomo- 
donts, and the Rhynchocephalian genus Palceohatteria ; while 
many of the American Anomodontia occur in strata which are 
referred Ify the Transatlantic geologists to that period. With 
the advent of the Trias we find all the orders, with the exception 
of the Omithosauria and Squamata, more or less fully represented. 
And while the former order makes its appearance in the succeed- 
ing Lias, we have at present no traces of the latter till the topmost 
Jurassic. The class reached, however, its zenith of development 
in the Jurassic and Cretaceous epochs ; the greatest number 
of huge aberrant forms being characteristic of the later part of 
the former and the earlier part of the latter epoch. Although the 
one existing Rh3rnchocephalian genus is closely allied to Triassic 
forms, yet we have no instance among Reptiles of the existence of 
a genus right up from that period to the present day, as we have in 
Ceratodus among the Pisces, thus indicating that the higher we 
ascend in the scale of organisation, the more rapid is the change 
of t)q>es — the same law being exemplified by the occurrence of ex- 
isting si>ecies of Reptiles among the totally extinct Mammals of the 
Indian Siwaliks. 
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CHAPTER LIII. 

CLASS REPTILIA — continued. 

Orders Anomodontia, Sauropterygia, and Chelonia. 

Theromorous Branch. — The Reptiles included in this branch 
or alliance may, for the present at least, be arranged in a single order, 
although some writers would prefer to regard the suborders into 
which this order is here divided as of ordinal importance. The 
most remarkable features found in this order are the resemblance on 
the one hand to the Labyrinthodont Amphibia, and on the other to 
the Monotreme Mammals. 

Order I. Anomodontia. — This order, which is equivalent to the 
Theromora (Theromorpha) of Professor 
Cope, presents the following characteristic 
features. The body is lacertiform, and 
the limbs are adapted for walking. The 
skull is comparatively short, with a fixed 
quadrate, a parietal foramen, either one 
or two temporal arcades, and large nasals ; 
in the palate the pterygoids meet together 
in front of the basisphenoid, which they 
also join, but diverge anteriorly ; while the 
palatines are generally small, and placed 
internally to the pterygoids, as in Mammals. 

When the temporal arcade consists of only 
a single chain of bones, it is a squamoso- 
maxillary one (p, 904). The dentition is of 
thecodont, but the teeth may be anchy- sy^em^f^sSh^ASc^^S!^ 
losed to the bone. The vertebrae have 
amphicoelous and in some cases note- away. (After Huxley.) 
chordal centra; the dorsals carrying long 

transverse processes, and the ribs articulating by double heads in 
the anterior region of the trunk. As a rule abdominal ribs appear 
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to be absent An ir>terclavicle, clavicles, and precoracoids are pres- 
ent, and a sternum was probably aIiPj(Bfcys developed. The scapula 
(fig. 978 has an acromial process with which the precoracoid 

articulates. The humerus (figs. 978, 982), is characterised by its 
well-developed distal condyles, and the invariable |M:esence of an 
entepicondylar foramen ; while its delto-pectoral crest is generally 
much developed. In the pelvis the pubis is placed entirely in 



advance of the ischium, to which it is 
completely united, with the presence in 
some forms of a small fontanelle repre- 
senting the obturator foramen. The 
ilium may have almost its whole body 
in advance of the acetabulum. The 
tarsus has one centrale; and the phal- 
angeals of the manus and pes are typi- 
cally 2, 3, 3, 3, 3 in number, as in 
Mammals, the whole structure of the 
foot being likewise of a Mammalian 
type. 

This order appears to be confined to 
the Permian and Trias. It has been 
considered that the Anomodonts are 
the parent stock not only of all other 
Reptiles (with the possible exception of 
the Ichthyopterygia), but also of all 
Mammals. Later researches do not, 
however, altogether countenance this 
view, although there can be no doubt 


Fig. 978 —Lateral aspect of that they are closely allied to the 
of^he^iI^c®tora?”gl^dle^ parent stock of Mammals. Recent 

Tcr^.ai observations have indeed shown pretty 
process of do. ; Precoracoid ; conclusively that this Order is directly 
Half natural size descended from the Labyrinthodont 

Amphibians, and more especially from 
the Archegosaurian family. Thus in the small size or absence of the 
obturator foramen in the pelvis the entire order shows most decided 


affinities to that group ; while in the small size of the coracoid of 
some forms, in the presence of a distinct precoracoid (epicoracoid), 
of very distinct condyles to the humerus, of the centrale in the 
tarsus, and also in tlxe number of phalangeals, it has characters 
common both to the Labyrinthodonts and the Monotremes, which 
are not found together in any other group of Reptiles. These 
three groups also resemble one another in the norwdevelopment, 
as la general rule, of abdominal ribs; while signs of .Affinity be- 
tween them are shown by the shortness of the tail, aw the large 
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size of the exoccipital eleiiitets of the occipital condyle' in the 
present order. In the presetwsi of an entepicondylar foramen to the 
humerus the Anomodonts agree with Rhynchocephalians, Sauro- 
pterygians, and Mammals. In many cases (fig. 978 dis) the precora- 
coid forms af large plate-like bone suturally united with the whole of 
the anterior border of the coracoid, and also articulating largely with 
the acromial process of the scapula ; thus exhibiting a parallelism 
between the structure of pectoral and pelvic girdles found in no 
other reptiles. The above features, together with certain points in 
the structure of the palate mentioned below, suggest very strongly 
the descent of the Monotreme Mammals from the same primitive 
stock as that which gave rise to the Anomodonts. If, moreover, Dr 
Baur is right in considering that this order does not include the 
direct ancestors of Mammals, it would appear that the deirelopment 
of its more specialised representatives has followed a course in some 
respects parallel to that of Mammals. 

Suborder i. Pariasauria. — This suborder includes the most 
generalised members of the order, which make the nearest approach 
to the Amphibia. The cranium is at once characterised by the 
roofing over of its postero-lateral or quadratic region, after the Laby- 
rinthodont manner, by the postorbital, squamosal, and opisthotic 
bones. Typically the palate, which approximates to an Amphibian 
type, and has been compared to that of Nyrania (fig. 825), appar- 
ently has no flooring of the nasal passage to form secondary posterior 
nares. The skull also has two temporal arcades, and the external 
surface of the cranial bones is frequently sculptured, as in the typical 
Labyrinthodonts, The vertebral centra retain a notochordal canal ; 
the number of sacral vertebrae was limited to two, of which only 
one supports the ilium ; and intercentra may be present. The 
pelvis is of a Labyrinthodont type, the ilium forming a triangular 
plate elongated in a direction oblique to the axis of the sacrum, 
with which it articulates obliquely; and there being no obturator 
foramen between the pubis and ischium. The humerus probably 
belonging to this group differs from that of other Anomodonts in 
the slight expansion of the extremities, and in that the lower aperture 
of the entepicondylar foramen opens on the distal surface of the bone. 

Family PARiASAURiDiE. — The type genus Pariasaurus occurs in 
the Beaufort beds of the Karoo system of South Africa, of which the 
vertebrate fauna presents a Triassic facies. The best known species 
(jP. bombidens) attains the dimensions of a large crocodile ; and, with 
the unfortunate exception of the limbs, the entire skeleton is known, 
and has been described by Professor Seeley. In addition to the 
sculpture on bones of the skull, mucous canals, like those of the 
Labyrinthodphts, are also present. The teeth are of uniform size, 
and, althou^ anchylosed to the bone, are set in distinct sockets. 
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and were replaced after the Crocodilian manner ; their crowns being 
somewhat compressed and grooved. The premaxillae appear to 
have been sm^l, as in the Amphibia. There are 29 vertebrae, 
of which 18 are presacral, and two are anchylosed together to 
form a sacrum ; while wedge-shaped intercentra are also present. 
The neural spines are extremely short, and the centra of the dorsal 
vertebrae are very small in proportion to their arches ; and only the 
first sacral vertebra supports the ilia of the pelvis. Small ribs are 
present in the caudal region ; and there was probably a dermal 
armour. 

Professor Seeley concludes that this very remarkable and Amphibian- 
like Reptile is a direct descendant from the Labyrinthodonts ; the chief 
affinities to that group being displayed in the characters of the skull ; 
in the notbchordal canal, and the large arches of the vertebrae ; in the 
support of the pelvis by a single vertebra ; as well as in the characters 
of the pectoral and pelvic girdles. The latter features, together with 
the general structure of the palate, being identical with those of typical 
Anomodonts, there appears every reason for referring this family to a 
suborder of that group. 

The genus Propappus is founded upon a humerus, from the 
Karoo system of the Cape, of the above-mentioned t5^e, and there 
is no direct evidence of its distinctness from Pariasaurus, The 
innominate bone referred to Dicynodon leoniceps probably belongs, 
however, to Propappus^ which may thus be entitled to stand. 
The pelvis and sacrum described under the name of Dicynodon 
tigriceps also seem to indicate a member of this suborder, since the 
ilium is of the same type as in Pariasaurus, and is connected with 
the sacrum by only a single rib, while there is no obturator 
foramen. 

From the general resemblance of its skull to that of Pariasaurus^ 
we may refer to this family the genus Anthodon^ of the South 
African Karoo system, which, although originally regarded by Sir R. 
Owen as a Dinosaur, must be included in the present order. It 
agrees with Pariasaurus in the roofing over of the quadnjic region, 
and the continuous replacement of the teeth, which are in a uniform 
series ; but differs in the form of the teeth, which resemble those of 
the Dinosaurian Acanthopkolis, 

Family pARiOTiCHiDiE. — This family, although agreeing with the 
Pariasaurida in the sculptured cranial bones and the roofing over 
of the quadratic region, differs in the dentition being of a carni- 
vorous type. All the known genera are from the reputed Permian 
of North America ; and the family is included by Professor Cope in 
the next suborder. The three genera are Pariotichus^ Ectocynodon^ 
and Pantylus, In Ectacynodon the first premaxillary tooth is tusk- 
like, and there is also an enlarged tooth in the middle of the maxil- 
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lary series. The nostrils are large and lateral ; and at the junction 
of one of the bones of the palate with the maxilla, the tooth-bearing 
surface is wide, and supports four parallel rows of small obtuse teeth. 
In PantyluSy which was originally described as a Labyrinthodont, 
the teeth are more equal in size. 

Suborder Theriodontia. — This suborder, which is taken 
(after Dr Baur) to include the Pelycosauria of Professor Cope, is 
characterised by the absence of a bony roof over the quadratic 
region of the skull, and the presence of only a single wide temporal 
arch (fig. 979), apparently consisting of a conjoint squamoso- 
maxillary and quadrato-maxillary arcade. The mandible has no 
lateral vacuity. 

In some cases, as in the American forms, the vertebrae are still 
notochordal ; intercentra may be developed, to which the-* capitular 
heads of the ribs are articulated, and there are not more than 
two or three sacral vertebrae. The dentition is fully developed. In 
the palate of the African forms at least the maxillae develop palatal 
plates to floor the nasal passage, and thus produce tall and nearly 
vertical posterior nares, strikingly like those of Mammals. The 
premaxillae remain separate. 

In those of the typical African forms in which the pelvis is 
known, the ilium is somewhat intermediate between that of the 
Pariasauria and Dicynodontia, having a distinct but small obturator 
foramen. The humerus is usually more or less of a Dicynodont 
type, having expanded extremities, and the entepicondylar foramen 
with its lower aperture opening on the palmar aspect of the bone 
(fig. 982); there is generally a marked thin flange on the postaxial 
border opposite this foramen which does not occur in the Dicy- 
nodonts. 

Although evidently nearly related to the Pariasauria the present 
group departs farther from the Labyrinthodont type, as is shown by 
the loss of the roofing bones in the quadratic region, as well as of 
the superior temporal arcade, and by the absence of sculpture or 
mucous canals on the skull. This advance is also indicated by the 
development of secondary posterior nares, by the fuller attachment 
of the ilia to the sacrum, and the relatively larger centra of the 
vertebrae of the higher types ; as well as by the development of the 
obturator foramen in the pelvis. 

Family Tapinocephalid^. — ^This family may be taken to in- 
clude two gigantic Anomodonts from the Karoo system of the Cape, 
described under the names of Tapinocephalus and Titanosuchus, 
The former is known typically by the extremity of the cranium ; the 
vertebrae probably belonging to it having short and notochordal 
centra. A pelvis, found in association with some limb bones, has 
been described under the name of PAocosauruSj but there is no 
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evidence to show that it does not belong to Tapinocephalus. These 
associated bones show that the coracoid was distinct from the 
precoracoid, and that the short and massive humerus had no 
ectepicondylar foramen. In Titanosuchus the dentition (as was 
probably the case with Tapinocephalus) was of a carnivorous type ; 
the humerus is characterised by the presence of an ectepicondylar 
foramen (in addition to the entepicondylar), which pierced right 
through the shaft of the bone ; while a bone incorrectly described 
as the pubis shows that the precoracoid was fused with the 
coracoid. 

Family GALESAURiOi®. — Nearly the whole of the typical Therio- 
dontia of Sir R. Owen may be provisionally included in this family , 

since, although some 
genera have single and 
others double nares, the 
skulls of the two types 
so closely resemble one 
another as apparently to 
render it impossible to 
refer them to distinct 
families. The family is 
characterised by the 
humerus (when known) 
being of a more elongated type than in the preceding family, and 
by the smaller size of its members ; while the vertebrae were probably 
different from those of the latter, and had no intercentra. The 
dentition is of a carnivorous type, and differentiated into an anterior, 
or incisive, series separated by one large tusk or canine-like tooth, 
from a lateral series of cheek (or molar) teeth ; thus sim ulating the 
dentition of carnivorous Mammals, and more especially that of the 
polyprotodont Mesozoic Marsupials, There are no teeth on the 
palate. The majority of the genera are from the Stormberg and 
Beaufort beds of the Karoo system of South Africa ; and we are 
mainly indebted for our knowledge of the group to the ^ labours 
of Sir R. Owen. 

In the type genus GalesauruSy with which Nythosaurus is identi- 
cal, the skull (fig. 979) is much depressed, with the nares divided 
by a narrow septum ; there are 4 anterior and 1 2 cheek-teeth, the 
latter having tricuspid crowns. In Lycosaurus (fig. 980, a, c) we 
have larger forms distinguished by the lateral compression of the 
dcull, the distinctly "double nares, short mandibular symphysis, and 
by the number of the cheek-teeth being reduced to 5 ; the develop- 
ment of the tusks being very great yElurosaurus^ again, appears 
to be a nearly allied but still more specialised genus^ in which, by 
the reduction of the septum, the nares have united to form a single 



979* Left iaieral aspect of the skull of Galesaunts 
piamceps ; from the Karoo system of South Africa. Re* 
duced. (7r, Orbit. Only some of the cheek-teeth are shown. 
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opening. Cynodraco (fig. 980, b) also includes large forms with 
greatly developed tusks, having compressed crowns with serrated 
edges like those of the Mammalian genus Machcerodus ; the nares 
being divided. Other genera from the Karoo system showing the 
latter feature are Cynochampsa, Cynosuchus^ and Scaloposaurus ; the 
latter being one of the smallest known forms. Tigrisuchus^ again, 
is distinguished by its single nares ; while Gorgonops^ of the same 
deposits, has a narrow flattened skull, with the arrangement of the 
nares different from that obtaining in all the preceding genera, and 



Fig. q8o. — A, c, Anterior and lateral views of the skull of Lycosaurus ; b, Anterior view of the 
skull of Cynodraco I from the Karoo system of South Africa. Keduced. c indicates the tusk- 
Iike (canine) teeth. (After Owen.) 


may indicate a distinct family. Deuterosaurus and other forms 
from the Permian of Russia, which are included by Sir R. Owen in 
the typical Theriodontia, are noticed below. 

Family CLEPSYDROPiDiE. — This name is applied by Professor 
Cope to carnivorous Theriodontia, distinguished from the Gak- 
saurid(B either by the development of teeth on the palate, or by 
the extraordinary character of their dorsal vertebrae, in which 
large intercentra are typically present. All the genera are typically 
from the reputed Permian deposits of North America. In the 
type genus Ckpsydrops the premaxillary and maxillary teeth are 
of unequal size, and the dentary bone of the mandible has two 
enlarged tusks near its extremity. Teeth are also borne on the 
pterygoids; and the neural spines of the dorsal vertebrae are not 
excessively elongated. In Dimetrodon^ the most remarkable char- 
acter is the extraordinary development of the neural spines of the 
dorsal vertebrae, which resembled those of Naosaurus (fig. 981), 
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with the exception of having no horizontal processes. The height 
of the spine in one species is more than twenty times the length 
of the centrum; and Professor Cope concludes that these spines 
formed a kind of elevated fin on the back, of which it is difficult 
to imagine the use. Naosaurus differs from the preceding by the 
above-mentioned horizontal processes on 
the spines of the vertebrae (fig. 981). 
The premaxilla had one tusk; and there 
were two similarly enlarged teeth near the 
anterior extremity of the maxilla, behind 
which comes a series of some twelve teeth 
of equal size, with compressed and slightly 
recurved crowns. Numerous small obtuse 
teeth are also dotted over the palatines and 
pterygoids. This genus has also been re- 
corded from the Permian of Bohemia. 
Other American genera included in this 
family by its founder are Embolophorus^ 
EdaphosauruSy ArchceobeluSy Thcropkuray 
and perhaps Lysorophus — Theropleura 
being characterised by the presence of 
well-developed abdominal ribs. 

Here may be mentioned the genus Ster- 
eorhachiSy from the Lower Permian of 
France, of which the lateral cheek-denti- 
tion presents a considerable resemblance 
to that of Naosaurusy although it is not 
known whether teeth were present on the 
palate. The neural spines of the vertebrae 
are of normal type ; but it is not known 
doSS of whether intercentra were present, or whether 

ciavigtr; from the permmn of the Centra Were uotochordal. The humerus 
(fig. 98 2) differs from that of the Ga/esau- 
ridm in the contour of the distal exriemity. 
Professor Seeley regards the above-mentioned humerus from the 
Karoo system of the Cape, described by him under the name of 
EropappuSy as indicating an allied form, but there is nothing to 
justify this association. Stereorhachis may constitute the type of a 
distinct family, but there is at present no evidence to support the 
view that this genus (together with Propappus) represents a distinct 
orfier, for which the ndme Gennetotheria has been proposed. 

Family ^^LOSAURiDi®. — This family is also typically known 
from the reputed Permian of North America, where it is repre- 
sented by the genera Boiosaurus and Chilonyx, In the former, 
the teeth are fixed in shallow alveoli, and have their crowns ex- 
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panded transversely to the axis of the jaws. These crowns are 
swollen at their base, and have a low apex vertically divided into 
two portions, of which the inner one in the upper jaw is low and 
horizontal, and the outer forms a curved claw-like cusp — the 
anterior teeth consisting simply of an inner ledge and the outer 
cusp, and there being no enlarged tusks. Metarmosaurus^ of the 
same deposits, may perhaps be referable to this family. 

In the large Deuterosaurus, from the Russian Permian, the pre- 
maxillary teeth (fig. 983) approximate to the description of those 
of Bolosaurus^ but there are large 
tusk -like teeth resembling those of 
the Galesauridce behind the five pre- 
maxillary teeth ; the nares being di- 
vided. This genus may be regarded 
as representing a distinct carnivorous 
family. A tooth from the Karoo 
system of South Africa, having the 
general characters of the anterior 
teeth of Deuterosaurus^ but with the 
lateral borders of the inner surface 
of the crown forming ridges, has 
been made the type of the genus 
Glaridodon, An associated series of 
bones in the British Museum may 
belong to the same form \ the verte- 
brae are notochordal, and the humerus 
agrees in size with the one mentioned 
below as Brithopus. Here may be 
noticed the genus Rhopalodon^ from 

the Permian of Russia, founded upon F«.^..-Anterior asp«t of the imner- 
a mandibular ramus which may be- feet left humems of sureorhachis dom- 

, , r •! -r\ 1 from the Lower Permian of France. 

long to the same family. Perhaps, One-half natural size. (After Oaudry,) 
however, the most remarkable speci- 
men from these deposits is the distal portion of a large humerus 
described under the name Brithopus {Eurosaurus) ; the proximal 
end of another humerus, which has received the name of Orthopus^ 
probably belonging to the same species. The former specimen 
is remarkable for having both ectepicondylar and entepicondylar 
foramina — a condition elsewhere known only in Titanosuchus and 
Sphenodon, Dr Baur has suggested that this specimen may belong 
to a Rhynchocephalian, but it is certain that it is referable, as Sir R. 
Owen first pointed out, to the present suborder ; and it is quite 
likely that it may prove to belong to Deuterosaurus^ in which case 
this name should be superseded. 

Family DiADEcriDiE. — This family is also founded upon genera 
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from the Permian of North America, and includes Diadectes^ Em- 
pedias {Empedocks\ and Helodectes, The teeth (fig. 984) are 
transversely elongated like those of Bolosaurus^ and are also 
divided by a median vertical ridge ; but both the inner and the 
outer moieties are equally low. Their alveoli are not separated, 
and the edges of the crowns are obtuse, with tuberosities on some 
of them distinct from the apex of the main ridge. Professor Cope 
regards this peculiar type of dentition as indicative of a herbivorous 
diet. The brain-case differs from that of the Clepsydropidce in a 
manner analogous to that in which the brain-case of the Varanida 



Fig 983 — Lateral view of 
a premaxillary tooth of DeU' 
terosaurus btarmtcus ; from 
the Upper Permian of Russia. 
Half natural size. 



Fig. 984 — Lateral and palatal view 
of a posterior tooth of Empedtas mo- 
lams t from the Permian of North 
America. 


is distinguished from the same part in other Lacertilia — that is, it is 
continued between the orbits so as to enclose the olfactory lobes 
in bone. Phanerosaurus^ from the Permian of Germany, is referred 
by Professor Cope, from the structure of its vertebrae, to this or the 
preceding family. 

Suborder 3. Dicynodontia. — In this suborder the vertebrae 
have no notochordal canal ; intercentra are wanting ; and the 
sacrum includes from four to five vertebrae. There is ih no case 
more than one pair of teeth m the alveolar borders of the 
upper jaw, while there are none in those of the mandible. The 
palate is of the general type of that of the Theriodonts, but the 
premaxillae unite to form a single beak-like bone, and the mandibular 
symphysis, which is very deep and laterally compressed, is likewise 
anchylosed The nares are double ; and it is probable that in some 
forms a part or the whole of the alveolar borders of the mandible 
was sheathed in horn; while the mandibular rami have lateral 
vacuities (fig. 985, b). There is a single temporal arcade, which 
appears to be a squamoso-maxillary one. In the pelvis the ilium is 
much expanded in an antero-posterior direction, the expanded plate 
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lying nearly parallel to the sacrum ; and there is a small obturator 
foramen. The humerus (fig. 978) is expanded at the two ex- 
tremities, with a prominent deltopectoral crest, ^ and with the lower 
aperture of the entepicondylar foramen opening on to the palmar 
aspect. The members of this group are found in the Stormberg 
and Beaufort beds of the Karoo system of South Africa, and the 
equivalent Gondwanas of Central India. 

Family DicvNODONXiDiE. — This family is characterised by the 
absence of teeth on the palate. The type genus Dicynodon was 
the first known representative of the order, and was originally 
described by Sir R. Owen from specimens brought from South 




Africa. It is characterised by the presence of a tusk-like tooth 
(fig. 985, a) growing from a persistent pulp in each maxilla — the 
rest of the jaws being edentulous, with trenchant edges. The 
profile of the skull is rounded, the maxillae are not strongly ridged, 
the nares are approximated to the muzzle, and the supraoccipital 
forms a broad bar above the foramen magnum. This genus may 
also occur in the Panchet stage of the Indian Gondwanas. In 
D, tigriceps the skull has a length of 20 inches. In Ptychostagum^ 

^ The deltopectoral crest is the ridge on the right side of the upper half of the 

® This new name is proposed in lieu of Ptychagnathus^ which is preoccupied. 
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{Ptychogmthus) there is also a pair of tusk-like upper teeth, but 
the skull is angulated, with strong ridges on the maxilla, the nares 
far behind the muzzle, and only a very narrow supraoccipital bar 
above the foramen magnum. The typical species are from South 
Africa, but another representative of the genus occurs in the 
Gondwanas of Central India, which was originally described as 
Dicynodon orientalis. A very imperfect and flattened skeleton from 
the Karoo system has been made the type of the genus Cirogna- 
thus, which is said to be characterised by the small size of the 
canine-like tooth, and the presence of only two phalangeals in all 
the digits except the third. It appears, however, that these alleged 
differences do not really exist, the difference in the humerus being 
due to a comparison of opposite aspects, and the number of 
phalangeals being apparently normal, so that this form probably 
belongs to Dicynodon. The same remark will apply to parf of a 
skeleton from the same beds upon which the genus Eurycarpus has 
been founded. The genus Udenodon {Oudenodon) is characterised 
by the total absence of teeth (fig. 985, b), but is otherwise so 
closely allied to Dicynodon that it must certainly be included in the 
same family. The nares are somewhat approximated to the orbits, 
and the profile of the muzzle is rounded. It occurs in the Karoo 
system of the Cape Colony ; and some of its representatives at- 
tained very large dimensions. Cistecephalus (Kistecephalus) com- 
prises smaller forms from the same beds, in which the skull is much 
depressed, with the orbits directed frontally. There was a pair of 
tusks in the maxillae. 

The name Platypodosaurus has been applied to a considerable 
portion of the skeleton of a Dicynodont, from the Karoo system, of 
which the skull is unfortunately unknown, and which may prove to 
be identical with Udenodon, unless it belong to Endothiodon. The 
remarkably Mammalian structure of the pelvis, in which there is 
a small obturator foramen between the pubis and the ischium, is 
fully noticed in Sir R. Owen^s description of the specimens. 

Family ENDOXHiODONXiDiE. — The remarkable genui^ EndothU 
odon, comprising large reptiles from the Karoo system of the Cape, 
forms the type of a family distinguished from the preceding by the 
presence of teeth on the palate. The skull presents a strong gen- 
eral resemblance to that of Udenodon, but the muzzle is more 
elcmgated, and the nares are terminal and overhung by the massive 
nasals. The alveolar borders of the jaws are trenchant, but the oral 
surface of the palale and mandible carry one or more longitudinal 
rows of columnar and cylindrical teetK The remarkably Mam- 
^malian type of the palate of Endothiodon is noteworthy. The skull 
from the same deposits described as Theriognatkus seems to belong 
to Endothiodon. 
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Endothiodon has been compared to the Rhynchocephalian Rhyncho- 
saurid(B and also to Placodus; but although there is a marked super- 
ficial resemblance between the three forms in the palate and teeth, 
yet this resemblance is but apparent, since while in Endothiodon the 
teeth are borne on a secondary bony floor beneath the narial passage, 
in the other genera they are supported on the proper surface of the 
palate, on which the posterior nares open directly, without the inter- 
vention of a secondary passage. 

Suborder 4. Procolophonia. — According to a recent observer 
the genus Frocolophon^ represented by comparatively small forms 
from the Karoo system of the Cape, differs so decidedly from the 
Theriodontia that it is entitled to form a distinct suborder, showing 
marked signs of affinity with the Rhynchocephalia. The Frocolo- 
phonidce. have a full dentition, but no tusk-like teeth, and nares 
are double. Although the pectoral girdle still has a distinct pre- 
coracoid, yet its whole characters approximate to those of the 
Rhynchocephalian genus Sphenodon, The humerus also resembles 
the corresponding bone of the latter ; and in the skull the pterygoids 
extend forwards in the same manner to join the vomers and exclude 
the palatines from the middle line ; while there are no secondary pos- 
terior nares ; and teeth are borne on both the pterygoids and vomers, 
as in the young of Sphenodon, 

Group Placodontia. — Our sole knowledge of this group, repre- 
sented by Flacodus (fig. 986) and Cyamodus of the Middle Trias, or 
Muschelkalk of Germany, is derived from the skull, so that we are 
at present to a great extent in the dark 
as to their true affinities. These forms, 
after having been regarded as Ganoid 
Fishes, were referred by Sir R. Owen to 
the Sauropterygia ; and the type genus 
resembles the Nothosaurs in the back- 
ward position of the nares and the form 
of the cranial rostrum. The skull has, 
indeed, been said to present many points 
of resemblance to that of the Anomo- 
donts, and more especially Endothiodon^ 
to which genus it is considered by Sir 
R. Owen to be closely allied. The re- 
semblance in the form of the palate is, 
however, as already mentioned, only a 
superficial one ; the present form having 
no floor to the narial passage, and the pos- 
terior nares opening directly into the roof of the mouth by horizontal 
apertures, as in the Sauropterygia. The skull is broad posteriorly, 
with double nares, a deep and apparently compound temporal 



Fig. 986. —The imperfect palate 
di Placodus ; from the Mus- 
chelkalk of Bayreuth. One-fourth 
natural size. When entire the muzzle 
would form a produced rostrum. 
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arcade, and a postorbital bar. The palatal teeth (fig. 986) resemble 
paving-stones, and were probably adapted for crushing hard sub- 
stances like the shells of Molluscs. In the upper jaw the teeth 
are arranged in an outer or maxillary series of small ones, and 
an inner or palatine series of larger ones ; all being implanted in 
shallow sockets and replaced by vertical successors. In the mandible 
there is but one row of teeth. The number of palatal teeth varies in 
the different forms ; and there are also modifications in the size and 
contour of these teeth, which aid in affording generic and specific 
characters. The premaxillary teeth may be of a more or less 
prehensile type. Till the vertebrae and limb-bones are known the 
position of these forms must remain uncertain; but it may be 
remarked that all the known limb-bones from the Muschelkalk, 
except those of Dinosauria, appear to be of a Sauropterygian type. 

In the typical genus Placodus the skull is comparatively narrow, 
and has a long rostrum produced considerably in advance of the 
nares. The palatal teeth (fig. 986) have polygonal crowns, those of 
the palatine series being three in number on either side, and closely 
approximated ; while the three premaxillary teeth are more or less 
chisel-like, and are separated by an interval from those on the palate. 
The mandible has a long symphysis, and two pairs of cutting-teeth. 
The maxillary teeth may be either four or five on either side. 
Cyamodus is readily distinguished by the great width and shortness 
of the cranium, which has no distinct rostrum, with the nares placed 
at the muzzle and the premaxillse fused together. The palatal teeth 
have rounded crowns, the crown of the last palatine being very 
large ; there may be either two palatine and three maxillary, or two 
maxillary and three palatine teeth. There were but two pairs of 
premaxillary teeth, which are not chisel-like. In the lower jaw the 
symphysis was triangular and comparatively short, and was probably 
devoid of teeth. 

Recently Dr Giirich has proposed the name Pleurodus for an 
allied form from the Muschelkalk of Silesia, but since this term is 
preoccupied for a Crocodilian genus it will have to be chai ged. 

Synaptosaxjrian Branch. — According to Dr Baur’s scheme of 
classification this branch comprises the orders Sauropterygia and 
Chelonia ; although Professor Cope and Mr Boulenger would also 
include the Rhynchocephalia. The typical Proganosauria of Dr 
Baur may be merged in the Sauropterygia. Although the Sauro- 
pterygia and Chelonia present many characters in common, yet it is 
not easy to give a definition of this branch. In all, however, the 
quadrate is firmly united to the skull ; and all, or nearly all, of the 
dorsal ribs articulate with the vertebrae by single heads. As a gene- 
tal rule the palate is more or less completely closed, the pterygoids 
generally extending forwards to join the vomers. There may be 
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either one or two temporal arcades. A parietal foramen is present 
at least in the young. In all cases ossifications are developed upon 
the ventral aspect of the body, either in the form of abdominal ribs, 
or of a plastron; but there are none in the sclerotic of the eye. 
The sacral ribs are connected with the vertebrae by upper and lower 
articulations ; and when chevrons are present they are mainly or ex- 
clusively attached to the hinder borders of the caudal centra. A 
precoracoid anchylosing to the scapula may be present in the pec- 
toral girdle ; and in the pelvis the pubis and ischium have expanded 
and flattened ventral surfaces, and the obturator foramen may be 
completed by the union of the ischium with the pubis of the same 
side. There is, moreover, a considerable structural resemblance 
between the limb-bones of the more generalised forms of the two 
orders, these bones always having terminal epiphyses; and the 
tarsus in both may be of a very primitive type. The humerus may 
have either an entepicondylar (ulnar) foramen and an ectepicondylar 
(radial) groove, or only the latter, or may be devoid of both. The 
ribs never have uncinate processes. 

We are still v^ much in the dark as to the origin of these two 
orders, although the Sauropterygia can be traced back to a form 
presenting several Amphibian features, which appears to have been 
closely allied to the primitive Rhynchocephalians. From the dis- 
appearance of numerous segments in the vertebral column of the 
Chelonia during development, Professor Parker has suggested that 
this order has originated from a type allied to the Sauropterygia ; 
and their plastron is almost certainly derived from, or developed 
upon, the abdominal ribs of a form allied either to the Rhyncho- 
cephalia or to Mesosaurus, 

Order II. Sauropterygia. — In this extinct order the body was 
devoid of any exoskeleton, while the neck was more or less elon- 
gated, and the tail short. In the skull there is only the superior 
temporal arcade ; the narial apertures are lateral and more or less 
approximated to the orbits ; the premaxillse are very large ; and there 
is a well-developed parietal foramen in the adult The prefrontal 
remains distinct ; the postorbital may be separate from the post- 
frontal ; typically there is a transverse bone ; and the symphysis of 
the mandible is united by suture. The teeth, which are implanted 
in distinct sockets and confined to the margins of the jaws,^ have 
curved sharp crowns, with fluted enamel. Each rib articulates to a 
single vertebra, and in the cervical region the costal facets, which 
may be either single or double, are situated entirely on the centrum, 
and generally are not prominent. The vertebrae are amphicoelous ; 
and the neuro-central suture may be either persistent throughout 


^ Assuming that the Placodontia are distinct from this order. 
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life, or completely obliterated. All those vertebrae in which the 
costal articulation is on the centrum below the neuro-central suture 
may be reckoned as cervical ; their number varying from about 2 1 
to nearly 40. The centrum of the atlas is well developed, and there 
is a wedge-shaped intercentrum between the latter and the skull. 
The true cervicals are succeeded by a few vertebrae in which the 
costal articulation is partly on the arch and partly on the centrum, 
for which the name of pectorals has been proposed. The dorsal 
vertebrae have the costal articulation placed entirely on the arch, 
and generally forming an elongated transverse process. The caudal 
vertebrae are always furnished with true ribs, and also with chevron- 
bones, which may not be united below. The structure of the pec- 
toral girdle is very remarkable, and has given rise to considerable 
diversity of opinion. In all forms the coracoids meet in a median 
symphysis, which may be short (fig. 987) or very long (fig. 988). 



Fig. ^7. — Ventral a.spect of the pectoral girdle of Nothosa/urus tnirabilis; frolJthe Muschel- 
kalk of WClrtemberjf. Reduced, ost. Clavicle and interciavicles ; sc^ Scapula ; gl, Glenoid 
cavity ; rttr. Coracoid. 


In the generalised Nothosaurus (fig. 987) the scapula has only a 
small ventral portion, separated by a wide interval from that of its 
fellow. Anteriorly to these ventral plates of the scapulae there 
is a slender arCli consisting of a median and two lateral por- 
.tions, corresponding to a similarly situated bone in Plesio- 
saurus. This an% is usually correlated with the interclavicle and 
^clavicles; but from the deep-seated position of its representative 
in Plesiosaurus^ Mr Hulke considers that in that genus it corre- 
sponds to the omosternum of the Amphibia, and if this interpre- 
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tation be correct, it will have the same homology in Nothosaurus^ 
As specialisation proceeds it appears that the scapulae have tended 
to develop very large ventral plates, with a concomitant reduction 
and ultimate disappearance of the clavicular arch. The inter- 
mediate stage is shown in Plesiosaurus (fig. 997), where it will 
be seen that the ventral plates of the scapulae are separated in 
the median line ; and the culmination in Citnoliosaurus, where they 
unite in a median symphysis, and join the anterior extremities of 
the coracoids, while the 


interclavicle has disap- 
peared. Mr Hulke regards 
the ventral plate of the 
scapula as representing the 
precoracoid of the Chelo- 
nia, but further evidence 
is required to prove this ; 
the view that it represents 
the clavicle being obviously 
incorrect. In the pelvis 
the pubis usually forms a 
wide plate, while the isch- 
ium is somewhat chopper- 
shaped ; in some cases the 
pubis and ischium of each 
side unite to enclose an 
obturator foramen. The 
ischia are strikingly like 
those of the Amphibia, and 
have a long symphysis. 
The limbs are subject to 


Fig. 988. — Ventral aspect ot the pectoral |g:irdle of 
Cimoliosaurus {cf) trockanterius ; from the Kimeridge 
Clay. Reduced, sc^ Scapula ; pc, Ventral (precora- 
coidfal) plate of do. ; gl, Glenoid cavity; /, Scapular 
foramen ; co. Coracoid. (After Hulke.) 


considerable variation ; 

those of the earlier generalised forms being adapted for progres- 
sion on land, while in the specialised types they are modified 
into paddles. In all cases, however, the limbs are readily distin- 
guished from those of the Ichthyopterygia by the relatively longer 
humerus and femur, and the absence of interdigital bones. The 
limb-bones are regarded by Professor Seeley as showing signs of 
Amphibian affinity. A peculiar feature in the limb-bones is that 
the epiphyses (fig. 989) of the humerus and femur are enormously 
developed, and form large cones at either extremity of the bones, 
almost, or completely, meeting in the middle of the shaft, which 
is reduced to a pair of elongated cups. The ^^nes of the palate 


^ In the British Museum Catalogue of Fossil Replilia Mr Hulke s interpreta- 
tion of the homology of these bones was provisionally adopted, but the writer 
now considers that the other interpretation is probably the true one. 
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never develop plates to form a floor to the nasal passage, so that 
the posterior nares also open directly into the mouth by horizontal 
apertures (fig. 991). 

This order ranges in time probably from the Permian and cer- 
tainly from the Trias to the Upper Chalk, and we are enabled to 
trace the gradual evolution of the specialised marine forms from 
those less widely separated from a normal type. All these reptiles 
appear to have been carnivorous. 

Family Mesosaurid^*: — The genus Mesosaurus^ originally de- 
scribed from the Karoo system of Griqualand in South Africa, 
which is probably of lower Mesozoic age, but subsequently found 
in beds of uncertain age in Brazil, and described under the name 
of Stereosternuniy includes small reptiles regarded by Dr Baur as 



Fig. ^9. — 1 /ongttudinal section 
of a Sauropterygian humerus ; 
from the Kiroendge Clay ; one* 
sixth natural size, a, Proximal, 
At Distal epiphysis ; c, Shaft. 



Fig. 990. — Ventral aspect of the 
left pectoral limb of Mesosaurns 
itHuidtns; from the Karoo system 
of Griqualand. ent.ft Entepicon* 
dylar foramen of humerus ; r, Ra- 
dius ; Ulna. 


constituting a dbtinct order — the Proganosauria, — but which 
appear to be so closely related to the Nothosauridce^ that there can 
be little, if any, hesitation in induding them in the same order. 
The Brazilian form was originally referred with some hesitation by 
Professor Cope to the Amphibia. One of the most peculiar feat- 
ures of this genus, in which it differs from all other groups except 
tl|e Amphibia, the extinct Palaohatteria^ and perhaps the Chelonia 
is the separation of the fourth and fifth tarsalia, so that each meta- 
tarsal articulates with a distinct tarsale. The centra of the vertebrse 


* Sec Rhynchocephalia, infra. 
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have a small notochordal canal, and are small in comparison to the 
neural arches ; while the ribs seem to have been anchylosed to the 
vertebrae, and were of great thickness, like those of the next family. 
The system of abdominal ribs was strongly developed. The skull 
is much elongated, and has slender recurved teeth, which were in 
all probability implanted in distinct alveoli. The pectoral girdle 
appears to be very similar to that of the NoihosauridcE, the pre- 
sumed interclavicle not being T-shaped; and a similar close re- 
semblance is presented by the pectoral limb (fig. 990), in which 
the humerus has an entepicondylar, or ulnar, foramen, like that of 
Mammals. The pelvis is considered to have had only a very 
small obturator foramen ; the ischia and pubes forming broad 
expanded plates like those of Amphibia and other Sauropterygia. 
The terminal digits were devoid of claws ; and the feet ^\^re prob- 
ably webbed like those of frogs. 

Dr Baur makes this genus the type of the order Proganosauria, 
in which he would also include the undermentioned genus Palceo- 
hatteria; and regards this order as the connecting-link between Am- 
phibians and Reptiles. Although there is something to be said in 
favour of this view, yet the manifest affinity of Mesosaurus to the ' 
more t5rpical Sauropterygia, and of Palceohatteria to the Rhyncho- 



Fig. OCX. Palatal aspect of the cranium of Noihosaurus tnirahilis ; from the Muschelkalk. 
One>eignth natural size, /^mx, Premaxilla; xar, Posterior nares; w, Vomer; ntx^ Maxilla; 

Palatine ; /»/, Pterygoid ; Ala of do. ; Qi^ratic ridge of same ; ^u, Quadrate ; or, 
Occipital condyle. The posterior extremity of pal is probably formed by a distinct transverse 
bone. 

cephalia, seem to render it more advisable to refer those genera 
to the two orders in question, of which they will respectively form 
the most generalised stage. By this arrangement the intimate con- 
nection of both orders with the Amphibia will be made manifest. 

Family NoxHOSAURiOiE, — In this family, which comprises some 
forms of large size, the limbs were furnished with claws, and adapted 
to a certain extent for walking. In the skull the pterygoids either 
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diverged posteriorly, or gave off wings uniting in the middle line 
upon the basi- and presphenoid, and thus completely closing the 
posterior portion of the palate (fig. 991) — an approximation to the 
latter arrangemeht occurring in some Chelonia. The palate was 
also devoid of infraorbital vacuities. The coracoids (fig. 987) had 
a short median symphysis, not extending as far forwards as the 
scapular articulation, and also had a groove ; while the ventral 
plates of the scapulae were very small. Typically, the cervical 
vertebrae have double costal facets, while the transverse processes 
of the dorsals are very short, and remarkable for the vertical elonga- 
tion of their articular faces. The humerus and femur are elongated 
— the former (fig. 993) having an entepicondylar foramen, but no 
distinct distal expansion. The ischium and pubis did not unite to 
enclose xfh obturator foramen. 

The known forms occur typically in the Muschelkalk, or Middle 
Trias, of the Continent, but some of them range up into the 
overlying Keuper, and one species is found in the Bunter, or 
Lower Trias. In the typical genus Nothosaurus the skull (figs. 
991, 992) is long and much depressed, the length of the post- 
orbital exceeding that of the preorbital portion. The characters 




Fig. 99:). — Ventral as- 
pect of the nght humerus 
of Conrhwsaurus. One- 
half natural suse. Entf, 
Entepicondylar foramen , 
rt, Ectepicondylar groove. 


of the palate are shown in fig. 991. Conchiosaurus is a closely 
ahied but smaller form, in which the teeth are club-shaped. In 
iSimosaurus the skull is characterised by the breadth of the facial 
portion and its stout teeth. The type species is nearly equal in 
dimensions to the larger species of Nothosaurus, Finally, Pisto- 
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saurus is distinguished by the posterior divergence of the pterygoids, 
and not improbably by the presence of long transverse processes to 
the dorsal vertebrae; both of these features being Plesiosaurian, 
The preorbital portion of the skull is very narrow. Although the 
members of this family have lost all traces of a notochordal canal 
in the centra of the vertebrae, yet the ossification of these centra 
has taken place in the same manner by means of a sheath investing 
the notochord. 

Family LARiosAURiOiE. — This family is closely allied to the 
preceding, but the limbs approximate to those of the Flesiosauridce. 
The skull, at least in one genus, has infraorbital vacuities on the 
palate, and the coracoid has no notch at its glenoidal extremity. 
The femur always remains an elongated bone, longer than the 
epipodials and metapodials collectively ; but the humerfis may be 
comparatively short, and is more or less expanded at its distal 
extremity ; while in Lariosaurus^ although not in the other forms, 
it has lost its foramen. The terminal phalangeals of the pes still 
retain their claws. In Neusticosaurus it is thought that cervical 
ribs were wanting. The type genus Lariosaurus comprises one 
medium-sized species from the Trias of Lombardy, and according to 
Dr Baur, has both limbs adapted for walking. The palate is un- 
known. In Neusticosaurus^ from the Lettenkohle at the base of the 
Keuper of Wiirtemberg, Professor Seeley considers that the pectoral 
limb had become modified into a paddle, although this conclusion 
is not accepted by Dr Baur. It appears probable that a small 
reptile, described from the Trias of Italy under the preoccupied 
name of Pachypkura^ is not more than specifically separable from 
Neusticosaurus. The type species of the latter was about one foot 
in length, and was probably of amphibious habits. 

It may be convenient to notice here two small Triassic reptiles 
which are referred by Dr Baur to this family, although Dr Deecke 
considers that at least the second has more affinity with the Lizards. 
These genera are Dactylosaurus^ from the Muschelkalk of Silesia, 
and MacromerosauruSy from the Italian Trias ; the former being 
almost certainly referable to this order, and perhaps not separable 
from Neusticosaurus. In this connection it should be observed that 
Dr Bassani considers Macronierosaurus to be identical with the type 
species of Lariosaurus y and that Neusticosaurus is not generically 
separable from the latter. Pachypleura is, however, regarded as 
distinct from NeusticosauruSy in which case it will require a new 
name, as the present one is preoccupied. 

Finally, it should also be mentioned that some authorities would 
regard the two preceding families as constituting a distinct sub- 
order — the Nothosauria — but the transition to the next family is 
almost complete. 
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Family PLESiosAURiDiE. — With this group we come to the con- 
sideration of the typical members of the order, all of which were 
adapted for a purely aquatic life, and probably frequented coasts 
and estuaries. In the skull the pterygoids di- 
verge posteriorly, and do not overlie the basi- 
sphenoid; while there were small infraorbital 
vacuities in the palate. The dorsal vertebrae 
have long transverse processes. In the pectoral 
girdle the scapulae have large ventral plates, 
which may meet in the middle line ; and the 
symphysis of the coracoids is much elongated, 
and extends in advance of the scapular articula- 
tion. In the limbs (fig. 994) the humerus and 
femur were comparatively short and distally ex- 
panded ; the former being devoid of a foramen. 
The bones of the second segment are likewise 
very short, and strangely altered from the normal 
form. In certain cases, moreover, a third bone 
(fig. 998) articulates with the humerus and 
femur, of which the homology will be discussed 
under the head of the Ichthyopterygia. The 
metacarpals and phalangeals are, however, still 
elongated, but the number of the latter is in- 
creased beyond the normal complement. Further, the terminal 
claws have disappeared ; and the whole limbs were doubtless en- 
veloped in a common integument, to form paddles after the fashion 
of the turtles. The coracoid (fig. 988) is remarkable for its great 


Fig. 994. — Dorsal as- 
pect of the left pectoral 
limb of Plesiosaur HS 
Nawktttsi ; from the 
Lower Lias of Dorset- 
shire. Reduced. ^ Hu- 
merus; b, Radius; c, 
Ulna, 



Fig. 995. —'Skeleton of Pksiosaurut doltchadirus; from the Lower Lias. Greatly reduced. 
(After Conybeare.) 


antero-postericM* length, and has no fontanelle. This family includes 
some ibpid of huge dimensions ; its range extending from the 
Rh^etiCy Uppemiost Trias, to the Chalk. 

,The Pksmaurida^ like the Crocodiles of the present day, differ 
greatly among themselves in the relative length of the mandibular 
symphysis, as is shown in the accompanying woodcut. In the 
present family it appears, however, that the result of evolution and 
specialisation has towards the gradual lengthening of this sym- 
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physis ; whereas among the Crocodilia the tendency has been pre- 
cisely in the opposite direction. 

This family has been divided into a large number of genera, but 
since several of these are not really distinct it will suffice to adopt a 
smaller number of such divisions. The genus Plesiosaurus^ as now 
restricted, is exclusively confined to the Upper Trias (Rhaetic) and 
Lias. Owing to the beautiful preservation of many of the species 



Fig. 996.— -The mandible in different genera of Plestosaurid<t, Reduced, a, PeloneusUs 
fhilarchus, from the Oxford Clay, one-eighth natural siae ; b , Thaumaiosaurns tndicus, from 
the Upper Jurassic of India, one-seventh natural size i c, PUsiosaurus dolich&dtrus^ two-fifths 
natural size. 

this genus has been long known to science ; and its remains were 
admirably described in the first third of the present century by the 
late Mr Conybeare and Dean Buckland, who with remarkable fore- 
sight hinted at the affinity of these strange and weird forms of Rep- 
tilian life to the Chelonia. In this genus the skull is either small 
with a short mandibular symphysis (as in fig. 996, c), or moderately 
large with a longer symphysis and rostrum. The teeth are generally 
slender, without carinse, and the terminal ones are not much larger 
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than the others in the more typical species. The neck is more or 
less elongated, with the anterior vertebrae in most cases very small. 

The cervical ribs and neu- 

■ ral arches are firmly articu- 
lated to the centra of the 
vertebrae, but traces of the 
suture usually persist ; in the 
cervical region the facets for 
the articulation of the ribs 
are usually double, and the 
terminal faces of the centra 
generally ellipsoidal, and 
more or less cupped. The 
most characteristic features 
of the genus are, however, 
to be found in the pectoral 
girdle (fig. 997), in which 
the scapulae are relatively 
small, and widely separated 

Fj^. 997,— Ventral wpect ot the pectoral girdle ot in the middle line, where 
PUswaurmt iMtchodtrusi from the Lower Lias of , 

DonM^ahire. Reduced, ost^ Interciavicle ; Scap* they TCSt Upon the inter- 

clavicle, with its small and 
deep notch. The coracoids 
are, moreover, long and rather narrow, with a median production 
in advance of the glenoid cavity; while the foramen between 
the coracoid and scapula is very large and open towards the 
interciavicle. 


This genus may be divided into three groups. The Longirostrine 
groim, represented by P, rostratus of the Lower and P. longirostris of 
the Upper Lias, is characterised by the comparatively elongated man- 
dibular symphysis, and the extremely short neural spines and single 
costal facets of the majority of the cervical vertebrae. In the typical 
group we have P. dolichodirus with its extremely long neck (fig ,995), the 
shorter-necked P. Hawkinsi, and the large P, Conybeari. all being from 
the Lower Lias, These forms have a moderately short mandibular sym- 
physis (fig. 996, c), while the centra of the cervical vertebrae are never 
gf^tly elongated, and there are double costal facets and moderately tall 
neural spines in this part of the vertebral column. The third group is 
represented only by P, hQmcUospondyluSy of the Upper Lias, which is 
characterised by the great elongation of the centra of the cervical ver- 
tebrae, which have fiat terminal faces, and enormously tall neural spines. 
The resemblance of these vertebrae to those of the cervicals of the typical 
group of the Jurassic and Cretaceous genus Cimohoj^aurus suggests the 
origin of the latter group from the present ; whereas on similar grounds 
It may be suggested that the Cmlospondyline group of Cimoltosaurus has 
originate from tihe typical group of Plesiosaurus, In all species of the 
present genus the radius and ulna (fig. 994) still retain evidence of their 
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original character as long bones, and are separated by a well-marked 
interval. 

Another exclusively Liassic and perhaps Rhaetic genus is EreU 
mosaurus, which had a long neck and probably a small head like 
Plesiosaurus, but with a very different type of pectoral girdle. Thus 
the coracoids had no median production in advance of the glenoid 
cavity ; while the scapulae were large, and articulated together in the 
median line, and posteriorly were united by their whole length with 
the coracoids, leaving only very minute coracoidal foramina. If an 
interclavicle were present it had 
become fused with the scapulae. 

from the 

Lower there another 

the Upper The 

the 

Citnoliosaurus, we may 

those forms 
under the names 
Discosaurus, Elasmosaurus, Mau- 
isaurus, Polycotylus, Muranosau- 
and Colymbosaurus, This 
was originally 

upon a very 

from the Cretaceous 
of New Jersey, which Dis- 

cosaurus, probably Elasmo- 
saurus, identical. 

The New Zealand Cretaceous HHBBHlHHHHHIi 
species described as Mauisaurus Fig 998. — ventral aspect of the right 
is closely allied; and it has yet 

to be proved that the type species (A'fte*r"lfi!lkf Dorsetshire. Reduced, 
is even specifically distinct from 

the European C. constricius. Many of the other species differ con- 
siderably from these typical forms, but if generic divisions are once 
made it seems impossible to know when to stop. 

The genus in the above extended series may be characterised as 
follows. The teeth and skull are relatively small, the mandibular 
symphysis is short, and the neck usually very long, with the anterior 
vertebrae relatively small. The vertebrae are more or less elongated, 
and generally have the neural arches and the cervical ribs completely 
anchylosed to the centra in the adult ; the costal articulations always 
forming single facets in the cervical region. In the pectoral girdle 
(fig, 988) the scapulae have very large and wide ventral plates, meeting 
in the middle line, without any trace of an interclavicle, and usually 
sending down a median process to join the coracoids, and thus com- 
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pletely closing the scapulo-coracoidal foramen,^ The humerus (fig. 
998) is usually longer than the femur ; and both these elements may 
articulate distally with either two or th^jpe (figs. 998, 999, 1000) 
bones, which in the later instances lose alf resemblance to the nor- 
mal elongated form. The ischia are relatively short. 

This genus may be divided into two groups, according to whether the 
vertebral centra have nearly flat or deeply cupped centra. In the former 
group we have the larjge C. truncatus of the Kimeridge, and the smaller 
C,pncatus (fig. locx^bis) and C. Richardsoni (fig. 1000) of the Oxford Clay, 
in both of which the humerus articulates only with the radius and ulna ; 
the latter species being distinguished by its shorter cervical vertebrae. 



999. — Ventral aspect of part of the right pelvic limb 
of CtmoUoiaurus pcrtlandicHt ; from the Portland Oolite. 
Reduced. T*, Preaxiol ; Postaxial border ; 66, Tibia ; 
67, Fibula ; 67', Homologue of the pisiform ; Ttbiale ; 
cu Intermedium; c 2, Fibulare; / Postaxtal tarsal. 
(After Hulke.) 



Fig. 1000. — Ventral as- 
pect of part of the right 
pectoral limb of Cimolw- 
saurus Richardsoni from 
the Oxford Clay. One- 
eighth natural size. A, 
Humenis ■ tr^ Trochanter 
of do. ; itadius ; u, Ulna ; 

Radiale ; f, Interme- 
dium ; Ulnare. (After 
Mansel-Pleydell.) 


In C. portlandicuSy of the Portland Oolite ana Purbeck, there were 
three short bones articulating with the humerus and femur (fig. 999), It 
is in the Cretaceous, however, that we nwet with the largest representa- 
tives of this group, yrhich comprise C cmstricius^ of the European Gault 
and Chalk ; C vetusius and C. platyurus^ of the Cretaceous of North 
America ; and C. Haas^i, in the corresponding strata of New Zealand. 
These were enormous reptiles, with an estimated length of between 30 


* Occasionally, as in C. durahrivensis^ of the Oxford Clay, this bar may be 
absent, but it is not known whether this is only an individual peculiarity. 
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and 40 feet, and having nearly 40 cervical vertebrae. In the second 

S , which apparently corresponds to the genus Polycotylus of Pro- 
Cope, we have, in the Oxford Clay, C. oxoniensis and C. eurymems, 
in which the humerus a|)6i|ulates with only the radius and ulna, and in 



I 2 3 

Fig. 1000 bis.-- Pi. cervical vertebra of Cimoliosaurus plicatus', from the Oxford (?lay. One- 
fifth natural size, i, Posterior; 2, Inferior; 3, Anterior aspect. (After Phillips.) 


the Kimeridge the larger C. trochanterius, in which the pisiform also joins 
the humerus (fig. 998). The very small C. valdensis^ of the Wealden, may 
have been of freshwater habits ; while in the Chalk we find the larger C. 
Bernhardt. This group appears to have been also represented in the 
Cretaceous of North America and New Zealand. A species from the 
Cretaceous of Kansas, described under the name 
of Trinacromeron^ has three bones articulating 
with the humerus. 

The imperfectly known genus Polyptychodon 
(Lutkesaurus), of the Middle and Upper Cre- 
taceous of Europe, appears to be allied to 
Cimoliosaurus, but with a relatively larger 
head and teeth, and probably with a much 
shorter neck. The teeth, which are very 
abundant in the Cambridge Greensand, have 
subconical crowns, with strongly - marked 
ridges, of which a considerable number gene- 
rally stop short of the summit. These Rep- 
tiles must have attained huge dimensions. 

The genera we have now to consider indicate looi. — Dorsal 

a different branch from that to which the two 

precedina genera belong. The first of these arckus; from the Oxford 

* ° ® /. 1 • , 7 Clay. One -sixth natural 

IS Thaumatosaurus (in which Rhotnaleosaurus size, /r, Distal half of 
may be included), typically occurring in the 
Great Oolite of Wurtemberg, but extending 
downwards to the Lower Lias and upwards proportion to the fibula, 
to the Kimeridge Clay of England. In these 
forms the skull and teeth were relatively large, the latter being 
often carinated, and the mandibular symphysis (fig. 996, b) com- 
paratively short, with the first five or six teeth enlarged. The neck 

VOL. n, ^ 
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was short, and the cervical vertebrae have comparatively short and 
distinctly cupped subcylindrical centra, carrying double costal 
facets ; while the arches and cervical ribs were firmly articulated to 
the centra. In the pectoral girdle the scapulae and coracoids were 
of the general type of those of Plesiosaurus ; but the clavicular 



Fig roo8. — Anterior part of the pectoral girdle of Peloneustes pktlarchus; from the Oxford 
Clay. Reduced, om^ Interclavtcle ; fc, Scapula ; p.ccr^ Ventral plate of do. The ventral 
aspect is shown. 


arch was greatly elongated transversely, and was probably over- 
lapped by the scapulae. The humerus was longer or shorter than 
the femur, and articulated only with the radius and ulna, which 
were considerably elongated, and separated by a distinct interval. 
This genus is represented in the Lower Lias by T. megacephalus 
and 71 arcuatus^ and in the Upper Lias by the gigantic T. Cramp- 
toni^ which attained a length of some twenty feet. 
The type species, only known by detached teeth 
and vertebrae, occurs in the Great Oolite of the 
Continent ; while T indicus (fig. 996, b) is found 
in the Upper Jurassic of India. 

In the genus Peloneustes^ of the Oxford and 
Kimeridge Clays, the coracoids (fig. 1001) do not 
appear to have been produced anteriorly in the 
middle line ; while the scapulae have their ventral 
surface broad and flat, and the dorsal surface re- 
duced (fig. 1002). The same figure also shows the 
extremely small size of the interclavicle. The ischia 
were very long. The mandibular symphysis (fig. 
996, c) is greatly elongated ; but the vertebrae agree 
with those of Thaumaiosaurus in the firm attach- 
ment of the arches and cervical ribs to the centra, 
although the centra themselves have the terminal faces flatter, 
and with a transversely elliptical and somewhat angulated contour. 
The radius and ulna are nearly as broad as long, and have only 
a very small interval between them. The most specialised genus 
of this branch is Pliosaurus {Ischyrodon^ Spondylosaurus or Lio- 



Fig. 1003.— Crovrn 
of a tooth of Plio- 
muru$brackydtrut ; 
from the Kimeridge 
Clay of Ely. One- 
halt natural alzc* 
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pleurodon)^ which thus occupies a somewhat similar position to the 
one held by Polyptychodon in the preceding branch. This genus 
is represented by several species of gigantic Reptiles ranging from 
the Oxford to the Kimeridge Clay, but of which derived remains 
are also found in the Lower Greensand of Potton, in Bedford- 
shire. The skull and teeth (fig. 1003) are relatively very large; 
the former having a somewhat shorter mandibular symphysis than 
in Peloneustes. The teeth are carinated, and in the Kimeridgian 
species the space between the two carinae is nearly flat, and 



Fig, 1004. — Diagram of the ventral a«;pect of the pelvic girdle of a young Phosaur. The upper 
bones are the pul»s, and the lower the ischia. In the adult the ischia become more elongated, 
and their inner borders should have been placed more nearly parallel. (After Phillips.) 

devoid of ridges. The neck is very short, and all the cervical 
vertebrae (fig. 1005) are relatively large, with nearly flat terminal 
faces to the very short centra, which in the anterior region have 
two distinct and often very prominent costal facets. A peculiar 
feature of all the vertebrge is, that the arches were only articu 
lated to the centra by cartilage, so that they are always found 
detached. The pectoral girdle was of the general type of that 
of Peloneustes^ but it is not improbable that the interclavicle was 
absent The humerus was shorter than the femur, and the 
adius and ulna in the Kimeridgian forms have become much 
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shorter than in that genus, and have scarcely any intervening 
space, but in one of the species from the Oxford Clay they 
have the same form as in the latter. The general arrangement of 
tb^5^ ventral bones of the pelvis is shown in the woodcut. In the 
huge P. macromerus^ of the Kimeridge Clay, the length of the 
lower jaw was nearly six feet, and that of the femur one yard, by 
which some estimate can be formed of the gigantic dimensions 
attained by the entire animal. Pliosaurs were widely distributed 
over Europe, and have been described from England, Germany 
(as Ischyrodon\ France (as Liopleurodon\ and Russia (as Spondylo- 
saurus). No remains of this genus have, however, been hitherto 



Fig. 1005. — Anterior (i) and lateral (2) aspects of an anterior cervical vertebra of Pliosaurus 
macromerus; from the Kimeridge Clay. One-fifth natural size. (After Phillips.) 


recorcJjBd from America. The less specialised characters of the 
Oxfordian forms, as shown by the structure of the teeth, and the 
longer radius and ulna, indicate affinity with Peloncustes, 

Finally, it may be mentioned that in addition to the names 
already recorded the terms Piptomerus^ Orophosaurus, and Uro- 
nautes have been applied by Professor Cope to Sauropterygian re- 
mains from the Cretaceous of North America ; while a tooth from 
the Kimeridgian of France, described under the name of H(zmato- 
sauruSy has likewise been shown to belong to this order, although 
originally regarded as Crocodilian. 

Order III. Chelonia. — With the Tortoises, Turtles, and their 
allies, we enter upon the consideration of the first of the existing 
orders of Reptiles. In this order the cervical and dorsal vertebrae 
are not numerous ; the body is short and wide, and has a more or 
less complete bony shell, of which the ventral part, or plastron, con- 
sists of few elements of dermal origin, while the dorsal, or carapace, 
may be in great part of endoskeletal origin. There is generally a 
homy epidermal exoskeleton. The skull may occasionally have two 
tetii^ral arcades, but more generally only the lower one is present 
(fig, X007), and in some cases even that may be absent. The n^es 
(fig. 1024) are single and terminad ; the premaxillae very small ; and 
there is no parietal foramen in the adult ; but there is a distinct 
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opisthotic bone (fig. 1024). The dentary bones of the mandible 
are generally fused together ; the postorbital is welded with the post- 
frontal, and usually the prefrontal with the nasal ; while the supraoc- 
cipital is prolonged backwards. There is no transverse bone. The 
palate is completely closed by the junction of the pterygoids with 
the basisphenoid, and often with one another (fig. 1017 bis). In all 
existing forms teeth are absent, and the trenchant jaws ensheathed in 
horn. Each rib articulates at the junction of two vertebrae ; there are 



Fiff. ioo6.--Ventral aspect of the skeleton of a young Loggerhead Turtle {Thalcusochel^s 
careitd), with the plastron removed. Much reduced. The coracoid and precoracoid of opposite 
sides are here represented as widely separated from one another. (After Owen.) 

no ribs in the cervical region, and no transverse processes to the dor- 
sal vertebrae. The vertebrae may have procoelous, opisthocoelous, or 
amphicoelous centra in different parts of the column of the same in- 
dividual In the pectoral girdle (fig. 1008), which is situated within 
the ribs, the coracoid is the widest of the three cartilage bones ; and 
the. coracoid and precoracoid of opposite sides ate respectively con- 
nected in the middle line by ligamentous tissue only. The con- 
nection between the scapula and precoracoid is short, and there is 
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no trace of a sternum. In the plastron (fig. 1009), developed on 
the ventral aspect, the epiplastrals {es) and entoplastral (s) corre- 
spNgud to the three plates of the Labyrinthodont thoracic buckler, 



Fig. 1007.— Left lateral aspect of the skull of Testudo, Premaxllla ; w, Maxilla ; 
Prefrontal and nasal ; Frontal ; Parietal ; Supraoccipital ; a, Jugal, behind which is the 
quadratqjugal, and above the postfrontal ; Quadrate, showine the incompleteness of the tym- 
panic rii^ postcrioily ; the bone above this ring is the squamosal. 


and ipparently represent the clavicles and interclavicle. There 
are in addition paired hyo-^ hypo-, and xiphiplastrals ; and in some 
forms (fig. 1012) there are mesopiastrals 



intercalated between the hyo- and hypo- 
plastrals. The pelvic, like the pectoral 
girdle, becomes in the adult placed on 
the inner side of the ribs, and has the 
pubis much larger than the ischium (fig. 
1006). The two latter may be anchylosed 
to the xiphiplastral, and the obturator 
notch may be converted into a foramen. 
The humerus has an ectepicondylar groove, 
which is occasionally converted into a fora- 
men. There is a centrale in the carpus 
(fig. 829), and in the Chelydrida also in 
the tarsus. The tarsus may probably be 


Figi^cos.— Rightjid«of the regarded as having five distinct tarsalia, 

c ^ ^ Amphibia and Mesosaurus, In 

^ both the manus and pes there are always 

five digits, with a variable number of 


j^lan^^ls. Not unfrequently the bones of the palate develop 
inferior Aates to floor the nasd pissage, and thus produce second- 


ary posterior snares with a verti®! aperture. Since the palaeonto- 
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legist generally has to deal with what is frequently and conveniently 
ternoied the — that is, the carapace and plastron together, — 

attention must be more particularly directed to its structure in the 
more typical forms. Commencing with the epidermal skeleton'^W 
those forms in which this is fully developed, we find that it con- 
sists of horny shields, which usually have their edges in apposi- 
tion, but occasionally overlap (fig. 1021). On the upper surface 
there are five vertebral shields in the middle line, on either side of 
which there are four costals ; while the border has 24 or 25 smaller 
shields, of which the median anterior one (when present) is termed 
the nuchal^ and the double or single posterior shields are known 



Fi^. 1009. — Bones of the plastron of Tkalassochelys caretta. Much reduced. Epiplastral 
(clavicle) ; j, Entoplastral (interclavicle) ; ks^ Hyoplastral ; /f, Hypoplastral ; jrj, Xiphiplas* 
tral. (After Owen.) 


as the caudals ; the remaining eleven on either side being reckoned 
as marginals. The position of all these shields is exhibited in 
fig. 1017. ^he ventral aspect of the plastron (fig.' 10 1 6) 

there are usually six pairs of shields, of which the most anterior 
are termed gularSy the next kumerals {postgulars) ; the next pecto- 
rals ; then the abdominals ; the femorals ; and finally the anals. 
In some cases, however, there is an additional intergular (very 
rarely double), which is usually (as in fig. 1012) placed be^weeif 
the gulars, but in some cases may be situated below the gular^ 
being then surrounded by the gulars, huiilerals, and pectorals, 
as in Chelodina, In the extinct ArchceochelySy of the '^ealden, 
where the intergular occupies the latter position, there% also a 
series of apparently single interjfktoraly interabdom^aly and inter- 
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femor<il shields dividing the normal pairs of plastral shields \ and it 
is probable that this may be regarded as the archaic type. Similarly 
in a Chelonian, mentioned below under the name of Tropidemys^ 
there is a median series of intervertebral shields dividing the normal 
vertebrafe into two lateral rows. In some cases inframarginal 
.shields separate .ffee marginal from the plastral shields. 

The bones of the carapace, although following the same general 
arrangement, do not, as will be seen from the figures, by any means 



shieh 


too fim is 4narl(;< 
rmced. 


, the'eigKr n« 
Vertebral sn 


Fig. zoo93£f.>-Upper stir&ce of the carapace of ThaMssockelys with tli^ epidermal 

iields removed^ Tai dark lines in the middle region indicate the boundariw ofJl^e and 

:he sutures between the bonedk N ttchal bone ; 

M and the next are th*#uprap 5 i^ls ; above these, th 
A c^Co 3 tSj||JbQiies; mt Marginal do . ; 

correspond with thj|.0verlying shields. In those foims with a well- 
developed tSuie are t|jpicall|| (fig. 10^7) £ight median 

murtz/ bones formed by the ^pansio^j^, of ^e^spin^ 6f the dorsal 
WTt^ili^(fig. 1010); these being preceded by a nuchal^ and fol- 
lowed by twpr more suprappgal§ Sirid sl all of which haVe 

no <ihnnectioil Wth^the vertebrae. h^em/the^ nuchal is a 

cartilage bone, the pygai and suprapygais^e of depnal origin. 
On eithei^side tWs jpedian row is a series of from seven to nine 
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costal bones (fig. 1009 bis) formed by the development of a plate on the 
outer surface of each rib (fig. 1010) ; while the sides of the carapace 
are completed by the eleven marginals^ which are dermal ossifica- 
tions, and eight of which receive the extremities of the ribs from the 
second to the ninth. In all young individuals, and in tnany of the 
marine Turtles (fig. 1009 bis\ the costal bones do ^t extend to the 
extremities of the ribs, and consequently leave vacuities on the inner 
side of the marginals, but in the land Tortoises and their allies (fig. 
1017) the carapace is entirely bony. In some instances, again, the 
number of neural bones may be reduced (as in fig. 1014, where 
there are but seven), and very rarely they are ditilfely banting, so 
that all the costals meet in the middle line. The two suprapygals 
may also be reduced to one, as in fig. 1014. Similar variations 
occur in respect to the degree of ossification of the plastron* since 


ft M 



Fig. loio. — Transverse section through the shell of Ckelont t'Redttcecl. c, Vertebra! 

centrum ; n, Expanded neural spine ; r, Rib ; c', Costal bon4; **t, Margin^ do. ; Plastron. 
(After Huxley.) ^ 


while in all young individuals, and in the existing marine forms (fig. 
1009) throughout a great .part or the whole of life there are vacuities 
between the bpnaKi in the lapjJ Tortoises and their allies th^ bones 
are all connected by suUite. 

In the marinfli Turtles the plastron is totally unconnected with 
the caraMCe^ but fp Itiost other forms the hyo- and hypoplastrals 
send ttp ro»%er or shorter petiuncjes underlying the marginals, and 
in some c^s also the costals of the oiwapace, and thus form well-i* 
marked axillary and inguinal buttresses. These " ift^pncles are 
longest ibme oi|sthe existing Pleurodift j%hile thfe inward prom- 
inence of th^ulTOss^ts most marked in the*In^n BMgurs. 

Considerable vanation occurs in the skulls of tSe different groups, 
but it can only*b®"nientione(J^ere ik^in scroe genem lixe Chelydra 
and Chelone tffe suiik-altempolal fossa is more or less coi^letelj^ 
rocffed over by the development of pjates extending outwards from 
the parietal and b^kw^S iftom the postfrontal ; this roof being 

^ OccasiotutHy the of marginals may be increased to twelve or reduced 

to ten. 
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most complete among existing forms in Chelone and Dermochelys^ 
where the parietal joins the squamosal. In such cases, in addition 
to the inferior temporal arcade formed by the quadrate, quadrato- 
jugsil, as in fig. 1007, there is also a superior arcade con- 
stituted by the squamosal and postfrontal. Whereas, however, such 
arcades in the Crocodilia (fig. 1089) are separated by the infratem- 
poral fossa, in the Chelonia they are in immediate contact. 

The feet may either have all the digits free, or enclosed in a com- 
mon integument to form paddles. 

The humerus of existing Chelonians is a very peculiar bone char- 
acterised by its extremely prominent globular head ; but in certain 
Jurassic forms AcichelyidcB) this head was much smaller, so that 
the bone departs less from a normal type. On either side of this head 
there is^ projecting ridge, of which the radial, or preaxial, one (generally 
termed the lateral process) corresponds with the deltoid crest of the Cro- 
codilian humerus ; while the ulnar or postaxial (mesial) process repre- 
sents the inner tuberosity of the same. In all Pleurodiran Testudinata 
the radial process is comparatively small, and the ulnar process placed 
in the same transverse line as the distal surface of the bone. In many 
Cryptodira, however, and more especially in the land Tortoises, the 
radial process forms a thin plate extending towards the ventral aspect, 
and the ulnar process becomes twisted round to the same aspect ; thus 
q^using the pit between the two processes to fonn a narrow funnel-shaped 
chilm^ instead of being very broad and open. At the same time the 
shaft becomes extremely curved. In the marine Turtles, where the shaft 
is nearly straight, the radial process tends to become aborted, and to 
attain a po^sition more or less below the head. In the Athecata, which 
likewise have a nearly straight humerus, the radial process, while de- 
scending on the shaft, tends to an excessive development. 

In time this order dates from the Upper Trias ; and it had 
attained great development in the Upper Jurassic, from which date 
it appears to have gone on increasing till the later Tertiary. 

Considerable diversity of views obtains as to the classification 
of the Chelonia, but according to the system now followed in the 
British Museum it may be divided into the two suborders At^Jiecata 
and Tgi^udinata. 

SUBORPER/. Athecata. — This group contains those forms which 
^ have been jjisually regarded as showing the nearest approximation to 
' other Reptiles, and therefore representing the most generalised type 
of the order. Dr ^aur, however, takes the opposite view, and re- 
gards th^m as the most specialised group, which has tended to more 
^ or less compitetely lose the carapace. Before, however, a decisive 
<^impn can be given On this question it must be determined whether 
the absence of a bony connection in this group between the parietals 
apd pterygoids is to be regarded as' an acquired or as an original 
feature. It may<®e observed that Dr Baur regards the group as 
cloifely allied to tiie Chelonidmy but if the undermentioned Triassic 
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genus Fsephoderma be rightly referred to it, we have at once a great 
obstacle to the acceptance of his view. 

The suborder may be briefly characterised by the circumstance 
that the carapace is entirely of dermal origin, and quite sepa^te 
from the vertebrae and ribs, and may consist merely of a series of 
marginal bones, or of marginals with a single median dorsal row of 
broad scutes, or of a number of small irregular scutes, with longi- 
tudinal rows of larger ones; while the plastron (fig. ion) has no 
entoplastral (interclavicular) element. The cranium is characterised 
by the absence of vertical plates connecting the parietals with the 
pterygoids. All the forms are of marine habits, and consequently 
the extremities of the limbs are modified into paddles like those of 
the Ckelonidce. 

Before noticing the two established families, it may be oBserved 
that the imperfectly known Psephoderma of the Upper Trias of 
Bavaria and England is founded on a specimen which appears to 
be a carapace of a member of this suborder, although it has been 
suggested that it is not Chelonian at all. This presumed carapace is 
formed of a number of polygonal scutes, traversed by longitudinal 
rows of keeled scutes. Here also may be mentioned the genus 
Macel/ognaikus, founded upon the anterior portion of a toothed 
mandible from the Upper Jurassic of North America,, whidi Pro- 
fessor Marsh regards as showing affinity with the Chelonia, and 
which may possibly indicate a generalised family of the present 
suborder. 

Family Protostegid^e. — This family is usually regarded as the 
least specialised of the two that are yet established, although an 
opposite view is taken by Dr Baur. The carapace, according to 
the interpretation of that authority, is represented merely by a row 
of marginal scutes ; but the plastton is strongly developed, and 
composed of very thick ossifications. The type genus Protostega 
occurs typically in the Cretaceous of North America. It was con- 
sidered by its describer Professor Cope to have possessed a solid 
carapace, but the bones which he regarded as probably dorsal J^ppear 
to belong to the plastron. It was also suggested that the dorsal 
vertebrae were procoelous, with traces of transverse processes ; but 
these vertebrae are probably referable to the cervical region. The 
type species attained very large dimensions. Kn allied form from 
the Upper Cretaceous of Italy has been described under the name 
of Protosphargis (fig. 10 ii), but further evidence iS required to 
prove its right to generic distinction from the American form. It 
has, indeed, been asserted that there were no marginal bones, 
but according to Dr Baur this is incorrect. In the Cambridge 
Greensand and the English Chalk there occur ISjmeri of Athecate 
Chelonians which have been provisionally referred to Protodtega, 
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It is uncertain whether the remains from the American Cretaceous 
described as Atlantochelys belong to the last-named genus. 

Family DERMOCHELViDiE. — This family is characterised by having 
a carapace composed either of a median row of large and broad 
scutes and lateral marginal rows, or of a mosaic of small irregular 
scutes, or tessarae, traversed by longitudinal rows of larger ones. 
The plastron varies considerably ; and the humerus, which is of the 
flattened type of that of the Cheionidce, is distinguished from that 
of the preceding family by the great development of its radial pro- 



Fig. 1011.— Ventral aspect of the plastron and thoracic region of Protosphargis veroMnsis; 
from the Upper Cretaceous of Italy. One-fifteenth natural sue. (After Capellini.) 

cess, which is situated near the middle of the shaft. The skull has 
the temporal fossae completely roofed, as in the Ckelontda, and 
an open tympanic ring, but has no bony floor beneath the narial 
passage. Whereas all the members of the preceding family are of 
moderate size, several representatives of the present one attained 
huge dimensions. The earliest representative is the genus Eosphargis^ 
ofme* London Clay, of which the one known species was originally 
ifescribed as Chel&ne gtgas. The skull is of the general type of that 
of the "jdpct genus, but the carapace apparently consists only of a 
n^dian low of very broad and large carinated scutes, and also of 
4#j^i«y>f'^arginafe \ the structure of the plastron is not definitely 
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known, but it was doubtless devoid of tessarae. The allied Psepho- 
phorus, ranging in Europe from the Middle Eocene to the Upper 
Miocene, and also found in the Upper Eocene of the United States, 
is characterised by the presence of a complete tesselated carapace 
and plastron. In the carapace the longitudinal rows of larger scutes 
are not carinated, and are more approximated than in the existing 
genus ; the carapace is also thicker than in the latter ; and there 
are larger marginals. It is also suggested that the carapace may 
have had horny epidermal shields. The skull is short and much 
depressed. The existing genus Dermochelys (Sphargts) is represented 
only by the well-known Leathery-turtle, and is characterised by the 
absence of a tesselated plastron ; by the carination of the scutes of 
the larger rows of the carapace ; by the comparative thinness of the 
carapace, which is devoid of epidermal shields ; and by the* longer 
and more vaulted skull. It is, moreover, worthy of note that in 
this, as in the preceding genus, there is a distinct nuchal bone at 
the anterior extremity of the carapace, corresponding to the nuchal 
of the Testudinata ; but there are no marginal ossifications. The 
one existing species of Dermochelys attains a length of nearly five 
feet, but a species of Fsephophorus is estimated to have been as 
much as ten feet in length. The skull of Eosphargis^ although 
much larger than that oi Fsephophorus^ does not apparently indicate 
a much larger carapace. 

Suborder 2. Testudinata. — This suborder, for which tMuftme 
Thecophora ^ is also employed, includes by far the great majority 
of the order, or all those forms commonly known as Tortoises, 
Terrapins, and Turtles. The group is characterised by the middle 
region of the carapace being formed of bony plates, developed 
primarily from the ribs and the neural spines of the dorsal vertebrae, 
to which it is firmly welded. The outer surface of the carapace is 
very generally smooth and overlain by horny epidermal shields, but 
it may be sculptured and devoid of such shields. The parietal 
bones of the skull in all cases send down vertical descending plates, 
which may either unite directly with the pterygoids, or be separated 
therefrom by the intervention of the columella or epipterygoid. It 
may be observed that in nearly all the Mesozoic forms the vertebral 
shields are very wide, and that this condition obtains in the young 
of the later forms. This suborder may be divided into four sec- 
tions ; one, and not improbably two, families of the third section 
being of marine habits. 

Section i. Amphichelydia. — This section is formed fbr 'the 
reception of certain extinct Chelonians, mostly of Mesozoic ag6, \ 
which combine in a remarkable manner the characters of tb| two fol- 

^ This name is objectionable, as being employed for an order ^ Hydyoid 
Zoophytes {vide supra^ vol, i. p. 203). " ' ' 
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lowing sections, and may probably be regarded as the survivors of 
the earlier ancestral types from which those two sections took origin. 
They are all characterised by the presence of a mesoplastral bone, 
and of an intergular shield in the plastron ; and the pelvis may or 
may not be connected with the xiphiplastrals. The entoplastral is 
rhomboidal. The skull and cervical vertebrae are unknown. 

Family PLEUROSTERNiDiE. — All the members of this section may 
be, at least provisionally, included in this family. In addition to 
the characters given above, it may be observed that the shell is 
fully ossified, and that the carapace has a complete series of 
neural bones, of which the hindmost articulates with the anterior 



Fig. XOI2. — The plastron of PUurostemum 
Butlacki; from the Purbeck of Dorsetshire. One- 
third natural size, igy Intergular scute ; gy Gular 
do. ; pec^ Pectoral do. ; aS, Abdominal do. ; 
Femoral do. ; Anal do. ; e.p^ Epiplastral 
bone; entp, Entoplastral do.; hyp^ Hyoplastra! 
do. ; msp^ Me^plastral do. ; hp,p^ Hypoplastral 
do. ; xpi Xiphipiastral do. 


suprapygal bone. On the sup- 
position that the Chelonian 
plastron is derived from a 
system of abdominal ribs like 
those of the Rhynchocephalia 
and Sauropterygia, it will be 
evident that the mesoplastral 
of the present group is an 
archaic feature. 

In the typical genus Fleuro- 
sternum {Megasternum or Di- 
gerrhum\ which occurs com- 
monly in the English Purbeck, 
and is also found in the Port- 
land Oolite, the shell is broad 
and depressed, with complete 
mesoplastrals (fig. 1012), a 
large and wide entoplastral, a 
single intergular shield, and no 
nuchal shield. In the adult 
the pubis articulates with a 
smooth facet on the xiphi- 
plastral, thus foreshadowing the 
complete sutural union which 
occurs between these bones in 


the Pleurodira ; but in the young it appears that there was no such 


articulation. The neural bones of the carapace are hexagonal and 
comparatively long ; while the vertebral shields (as in so many of 
the earlier Chelonians) were relatively wide. Further, inframarginal 
shields (shown in fig. 1012) were developed between the shields of 
the plastron and the marginal shields of the carapace ; while the 
extretnities of the xiphiplastrals were notched. The bones of the 
|>ectml girdle and the humerus approximate to those of the existing 
Pleurodfran gentii Chelys, 
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Much confusion has arisen in regard to this genus owing to a 
plastron having been described under the name of Flatemys Bullocki, 
under the erroneous impression that it had been obtained from the 
London Clay. Remains of Pleurosternum are extraordinarily abun- 
dant in the Purbeck of Dorsetshire ; and include specimens of all 
ages, from the newly hatched young, with a carapace of a couple of 
inches in length, to adult specimens which are close upon twenty 
inches. Curiously enough, however, no specimen of the skull 
seems to have been obtained. The young appears to have differed 
considerably in the details of the shell from the adult; thus, not 
only was the pubis, as already mentioned, entirely unconnected 
with the plastron, but the marginal bones encroached in a remark- 
able manner upon the front of the nuchal. Moreover, it seems 
that in very young individuals the vertebral shields were divided in 
the middle. 

In Helochelys^ of the Lower Greensand of Bavaria, we have an- 
other genus also furnished with complete mesoplastrals, but ap- 
parently without any articulation between the pubis and the 
plastron. The shell is ornamented with a pustular sculpture re- 
sembling that found in the genus Tretostemum^ mentioned below 
among the Chelydridcs. The plastron differs from that of Pkuro- 
sternum in that the xiphiplastrals were not notched; and there 
appears to have been a nuchal shield. 

The next two genera, constituting the family Baenidce of Professor 
Cope, may be at least provisionally placed here. Both are devoid 
of a bony attachment between the pelvis and plastron. The genus 
Platychelys {Helemys\ tj^ically from the Lower Kimeridgian litho- 
graphic limestone of the Continent, is readily distinguished by the 
number of irregular ridges and prominences on the carapace (fig. 
1013), and by the width and irregular contour of the neural bones. 
The mesoplastrals are small, and widely separated in the middle 
line; and the intergular shield is single. 

The genus Batna^ from the Eocene of the United States, has the 
mesoplastrals meeting only by a point in the middle ; and is further 
remarkable for the presence of double intergular shields, and the 
presence of a small additional costal shield in advance of the normal 
first costal. The caudal vertebrae are opisthocoelous. Professor 
Cope, who places this genus in the Cryptodira, regards it as indi- 
cating a generalised type, showing marked signs of affinity with the 
Pieurodira, and exhibiting traces of an imperfect connection between 
the pelvis and the plastron. The extinct North American genus 
Polythorax should perhaps be also placed in this family, although it 
is not certain that it is not allied to the Cryptodiran Adocus. 

Here also may be mentioned the very imperfectly known genus 
Anhaochelys, of the English Wealden, in which, ^ observed above, 



1094 


CLASS REPTILIA. 


the paired shields of the plastron were separated by a medial' series 
of azygous shields, which probably extended backwards from the in* 
tergi^ to the extremity of the xiphiplastral. If th^^^eparate bonesJ 
are rightly interpreted, it would appear that the plastrod had C 
mesoplastral element, which, instead of being situated m the middle 
of the bony bridge as in Pkurosternum (fig. ioi2),1wid tgfkllig lio^ 
part in the formation of the axillary notch, formed the ant^pr p|tfrt,< 
of this bridge and the whole of the notch. Th(| h^oplasti^'^auld^ 
therefore be entirely above the latter notch, as in the existing Pleu- ' 



Fig. 1013.— ^rapace of Platyckelys Obemdorfen , from the Lower Kimeridgian of Bavaria. 
One-third natural size (After Wagner.) 


rodiran genus Sternothoerus, Possibly also a Chelonian from the 
Lower Jurassic of Stonesfield, described, upon the evidence of the 
impressions of the epidermal shields of the carapace, under the 
liame of Testudo Stricklandi^ should also find a place in this group. 
Th« name Protochelys may be proposed for this form, which has 
certainly nothing to do with Testudo, 

SicriON 2. Pleurodira. — The members of this section are, as 
a rule, characterised by the complete ossification and union of the 
carapace and plastron, and by the full development of the marginal 
bones, which are connected with the ribs, as well as by the sutural 
ixtAok oritnchylosis (synostosis) of the pelvis with both the carapace 
and the xiphiplastral part of the plastron. Very frequently the first 
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supfapygal bone, and some (fig. 1014) or occasionally all of the 
neurM bones are absent ; and when epidermal shields are developed 
an ir\te^gtllar''^as in fig. 1012) is present on the plastron. This 
Ifehield 4 s, however, sometimes found in the next section, in which 
the i|^urala'*^ay also be reduced in number. The entoplastral 
bone (a^ in The preceding section) is either oval or rhomboidal; 
ja*id a^i^esopl^tral bone (compare fig. 1012) may be present. 

me* skull ol%xisting and Tertiary types the tympanic cavity is 
con;^etely surrounded by the quadrate, which forms an unbroken 
iittg;^the articular siyface of the quad- 


has a concavity for the reception of 
a oof^dyteion the ma^ible ; the pteryg- 
o^fJs aiJe^very broad and wing-like; the 
yomfr may be absent^ so that the pala- 
tii|^ may meet in the middle line ; and 
th^ may be distinct nasals, and a suture 
in the mandibular symphysis. The cer- 
vical vertebrae have welhdeveloped trans- 
varse processes, and single terminal ar- 
ticulations ; while there are never more 
than three phalangeals to the digits. 

The Pleurodira are further character- 
ised by their inability to retract the head 
directly within the carapace ; but the 
neck is bent on one side and the head 
thus brought within the margin of the 
shell. In all cases the labyrinth of the 
ear is completely open from behind. 

At the present day this section is al- 
most exclusively confined to the southern 
hemisphere ; but in the Eocene forms 
more or less nearly allied to existing 
types were widely spread over the north- 
ern hemisphere, and in the Mesozoic 
there were many European represen ta- 



Fig. xor4. — The right half of the 
carapace of Stemotluerus ntp'f 
Cflww; from Madarascar. The thick 
lines indicate the ixjundanes of the 
epidermal shields. 


tives of the group. With the exception 




of Fodocnemis, the existing forms are carnivorous, and the whol^ of 


them are thoroughly aquatic. 


At least one of the two earliest known genera of Testudinata lAs heetf 
referred to this section ; and from the occurrence in many existing forms 
of separate nasals, and of a mesoplastral bone, we may regard this sec- 
tion as retaining evidence of a close alliance with a primitive generalised 
type which has been lost among existing Cryptodira, since H is itearly 
certain that features like these if once lost would not reappear, except 
as abnormalities. The presence of transverse processes to the cervical 
VOL. n. o 
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vertebrae would also seem to be a generalised character ; and, from the 
evidence afforded by the above-mentioned Pleurostemum and Archceo- 
chelySy the presence of an intergular shield should probably be likewise 
regarded in the same light. The anchylosis of the pelvis to the plastron, 
as pointed out by M. Dollo, would, however, seem to prevent us from 
regarding the Pleurodira as the ancestors of the Cryptodira ; and it is 
more probable that both sections should be regarded as divergent 
branches of a common stock, probably represented by Amphichelydia of 
earlier age than those yet known. ^ 

It would seem probable that the palate of the earlier Mesozoic Pleuro- 
dirans approximated to the Cryptodiran type, and that the peculiar man- 
dibular articulatiop^nd closed tympanic ring of the existing forms are 
acquired features, ^e skull of the Mesozoic types appears generally to 
have been roofed over after the fashion of the modern Turtles ; this struc- 
ture having apparently been common to many of the earlier forms of both 
this and the following sections of the suborder. 

Family Proganochelyid/e. — This name is proposed by Dr 
Baur for the reception of the genus Proganochelys^ from the Keuper 
of Wiirtemberg, which he regards as a Pleurodiran, although differ- 
ing from all other members of the section in that the plastron unites 
only with the edges of the marginals, without giving off axillary and 
inguinal buttresses. It is suggested that mesoplastral bones were 
present, while the carapace is compared to that of Platychelys. 
The latter resemblance suggests that this form might belong to the 
Amphichelydia, but a study of the figure of the type specimen given 
by Professor Quenstedt, under the synonym of Psammochelys^ shows 
that its extremely imperfect nature scarcely permits any decisive 
opinion to be formed to its true affinities. Whether the imper- 
fectly kpown and apparently aberrant genus Chelytheritim of the 
Keuper is an allied form cannot yet be determined. 

Family pLESiocHELYiDiE. — This Mesozoic family is characterised 
by the total absence of the mesoplastral element in the plastron, and 
also by the circumstance that the pubis alone is united with the 
xiphiplas^^ ; while there may or may not be a complete series of 
neural bones articulating posteriorly with the suprapygal. The plas- 
tral shields are separated from the marginals by the intervention of 
a series of inframarginals ; and the plastron, as in the succeeding 
families, is connected by long buttresses with the carapace. The 
humerus is of the type found in existing Pleurodira ; and the second 
digit of the manus, when known, has but two phalangeals. The 
skull is known only in a few cases with certainty. 

The typical genus Pksiochelys and the closely allied Craspedochelys 
lyere originally described from the Lower Kimeridgian Lithographic 
limestones of Bavaria and France. These genera have a thick shell, 
with the full complement of neural bones, which posteriorly join the 
first suprapygal, and with the vertebral shields of the carapace of 
moderate width. The entoplastral bone is relatively wide and 
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rounded ; the nuchal is but slightly emarginate ; and the intergular 
shield is double. The surface of the carapace is usually marked by 
flutings. Some at least of the Chelonians from the Kimeridgian of 
Hanover which have been described under the preoccupied name 
of Stylemys may be included in Flesiochelys^ and this genus is also 
represented in the English Wealden. 

Allied Chelotyans, from the Kimeridgian of Hanover, described 
under the name of Chelonides (likewise preoccupied), not improbably 
indicate forms connecting Flesiochelys with the undermentioned 
Hylceochelys, In one specimen referred to the tyj)e species of CheU 
onides^ there are but seven neural bones ; but the vertebral shields 
are narrower than in typical species of Hyl^ochelys, If these forms 
are really entitled to rank as a distinct genus they require^a new 
name. A skull said to have been associated with the shell of the 
type species of Chelonides has the temporal fossse roofed over by 
bone, while the palatines are described as meeting in the middle 
line after the manner of many existing Pleurodira. From the occur- 
rence of Flesiochelys and the undermentioned Hylceochelys in the 
Wealden, and the apparent rarity of the Acichelyidce in the same 
beds, it is probable that the members of this family were of fresh- 
water habits. 

It is probable that the genus Farachelys of the Lithographic Lime- 
stone (which was considered by Professor von Zittel to be indis- 
tinguishable from Acichelys) is really identical with Flesiochelys ; in 
which case the former name should supersede the latter, and the 
family name FarachelyidcB replace Flesiochelyi^ce. The humerus of 
this genus resembles that of recent Pleurodira, and is widely different 
from that type of humerus which appears to be referable to the 
Acichelyidce, The number of the phalangeals in the digits of the 
manus of this form (and also in Idiochelys) is 2, 2, 3, 3, 3 ; and this 
presents a decided approximation to the existing Pleurodiran genuSf 
Felomedusa, which differs from all other freshwater forms ijow living 
in that there are only two phalangeals in each digit.. ^ ^ 

The name Hylceochelys has been proposed for an allied genus of 
Chelonians typically represented by the so-called Fleurosternum 
latiscutatum of the English Purbeck, which as shown by a shell 
from the Wealden preserved in the British Museum, belongs to the 
present family. This genus is distinguished from Flesiochelys by the 
much wider vertebral shields of the carapace, in which the width 
may exceed three times the length ; and also by the narrower and 
diamond-shaped entoplastral bone ; as well as by the circumstance 
that the neural bones, at least usually, do not join the suprapygals, 
and are generally interrupted in the middle of the series ; while the 
h3q)oplastral bone is relatively shorter. Both in this and the pre- 
ceding -genus there may be a vacuity in the middle of the plastron. 
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It would Appear that the Purbeck form described as Pleurosicrnum 
tmarginatum^ as well as the Wealden specimens to which the names 
Chtlom Belli icostatd)^ and Flatemys Dixoni and Mantelli have 
been applied, are likewise referable to HylcBOchelys, It is, moreover, 
very probal^le that a Chelonian, from the Upper Greensand of Kent, 
to which the name Plastremys has been given without description, is 
also referable to this genus. 

The genus Idiochelys {Chelonemys) and the allied Hydropelta^ of 
the Lower Kimeridgian of the Continent, would appear to be closely 
allied to the preceding. Idiochelys resembles Hylceochelys in its ex- 
tremely wide vertebral shields, and also in its small and diamond- 
shaped entoplastral bone, but differs in that the number of neural 
bones is generally much reduced, so that many of the costals meet 
in the middle line ; while there are also differences in the contour 
of the lower plastral shields. This genus, which is known only by 
immature specimens, was indeed regarded by Professor Riitimeyer 
as essentially Pleurodiran, although there was no absolutely decisive 
evidence in support of this view. The shell is thinner than in Plesio- 
chelys ; and the skull has the temporal fossae roofed over by bone, 
and apparently had a long sutural union between the postfrontal and 
parietal. 

Mesozoic Chelonians of Uncertain Position. — It will be con- 
venient to notice in this place several Mesozoic Chelonians mostly 
known to us only by the skull, of which the serial position cannot 
at present be determined. A large skull from the Portland Oolite, 
originally described as Chelone flatyceps, but subsequently made the 
type of the provisional genus Stegochelys, is characterised by the 
incomplete roofing of the temporal fossae, and the meeting of 
the prefrontals in the middle line, while it is stated to have distinct 
nasals. The palate is unknown. The size of this specimen sug- 
gests that it may perhaps be referable to the Cryptodiran genus 
Thalassemys of the Kimeridgian. 

In the Wealden of Belgium there occur remains of young Chelon- 
ians to which the name Chitracephalus has been applied. There is 
no mesoplastral bone; and the skull is characterised by its elongated 
form, open temporal fossae, and the approximation of the orbits to 
the nares. 

In the Upper Cretaceous genus Rhinochelys the shell is only 
known by fragments. The skull (fig. 1014 bis) has an inferior 
temporal arcade, the t;emporal fossae are completely roofed over, 
the palatines meet in the middle line, the nasals are distinct from 
tine prefrontals, which are separated from one another by the 
frontals, the pterygoids are comparatively narrow, and laterally 
emarginate, while the symphysial suture of the mandible is obli- 
terated The humerus is of the Pleurodiran type found in Para- 
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c?ielys. It has been suggested that this genus is Pleurodiran ; and 
if this prove to be the case it will be interesting as showing an ap- 
proximation in several cranial features to the Cryptodira. In its 
complete roof the skull of this genus approximates to the ChelonidcB, 
Remains of likinockefys are very abundant 
in the Cambridge Greensand, and they 
are also met with in the Gault and the 
Lower Chalk. Fragmentary Chelonian 
shells from the Cambridge Greensand, 
to which the name Trachydermochelys 
has been applied, are not improbably 
referable to this genus. They are char- 
acterised by their pustulate external sur- 
face; the pustules being much larger 
than in the Amphichelydian genus Helo- 
chelys of the Lower Greensand. A 
somewhat similar, although less marked, 
pustulation occurs in the existing CMo- 

dtnOt, Rhtncchelys cantabngiensts^ imjper- 

feet posteriorly; from the Cambridge 

Family PELOMEDUSIDiE. Reverting Greensand, /a. Parietal; ptX, 


I 



FAMILY rELOMEDUSIDiE. Kevening Greensand, /a. Parietal; 

to the consideration of undoubted Pleu- frontau 
rodirans the present existing family agrees Premaxiiia. 
with the Amphichelydian Flmrosternida 

in the presence of mesoplastral bones, but is distinguished in 
that both the pubis and ischium have a sutural union with the 
xiphiplastral. The shields of the plastron, as in the next family, 
are in contact with the marginals, owing to the absence of infra- 
marginals. The skulls of existing types have an infratemporal 
arcade, and in Podocnemis^ alone among existing representatives 
of the section, the temporal fossae are roofed over ; moreover, the 
prefrontals are in contact in the middle line and are fused with 
the nasals; the palatines, owing to the absence or abortion of 
the vomer, meet ; and the suture between the dentary bones of 
the mandible is obliterated. The second cervical vertebra is 


aipphicoelous ; and the neck is completely retractile within the 
shell. Further, the series of neural bones, as in the next family, is 
incomplete and is not connected with the suprapygals. Finally, in 
both this and the next family the characters of the tympanic and 
palatal regions of the skull are those mentioned at the commence- 
ment of the description of the Pleurodira. The earliest known 
representatives of this family occur in the Upper Cretaceous of the 
United States, where we meet with forms apparently closely allied 
to the existing Podocnemis. The genus Bothremys has been described 
upon the evidence of a skull from those deposits ; while the name 
Paphrosphys has been applied to portions of the carapace and 
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plastron which not improbably belong to the same form, Bothremys 
differs from Fodocnemis by the presence of a distinct vomer. It is 
not improbable that allied forms occur in the Cretaceous of New 
Zealand, The only existing genus which appears to be represented in 
a fossil state is the above-mentioned Fodocnemis^ of South America 
and Madagascar, which occurs in the London Clay and the Eocene 
of Northern India. This genus includes the largest existing repre- 
sentative of the section. The carapace has seven neural bones, 
and the mesoplastrals are small, and do not meet in the middle 
line. The shell of a large Chelonian from the London Clay, which 
has been referred to this genus under the name of F, Delabechei, 
may not improbably belong to the genus Dacochelys, The latter is 
founded on a mandibular symphysis from the same deposits which 
is chiVacterised by a large spine-like process on its oral surface, 
and the serrated margins of the alveolar borders. Its serial position 
depends on whether it is specifically identical with the above- 
mentioned shell. 

Family Chelyim.^ — In this family the shell is much thinner 
than in Flesiochelys^ and is characterised by the absence of the 
mesoplastrals, and the reduced number of neural and suprapygal 
bones ; while both the pubis and ischium unite with the plastron. 
The skull has an incomplete inferior temporal arcade, owing to the 
absence of the quadratojugal ; and is further distinguished by the 
separation of the prefrontals by the frontals; the distinct nasals 
(except in Chelys)] by the vomer dividing the palatines; and by 
the persistence of the suture in the mandibular symphysis. The 
temporal fossae are open, but there is an arch connecting the parietal 
with the squamosal, not found in the Felomedusidce^ and which is 
probably a remnant of the earlier type of roof. The fifth and eighth 
cervical vertebrae are biconvex. The neck cannot be fully retracted 
within the carapace. As t)rpical genera we may notice the South 
American Chelys^ Hydraspis^ and Flaiemys ; and the Australian 
Chelodina^ Emydura^ and E/seya^ in which neural bones are absent. 
Remains of Chelodina and Emydura occur in the Pleistocene of 
Australia ; while Hydraspis is found in a fossil state in the Lower 
Eocene of India, and Flatemys has been recorded from the Creta- 
ceous of North America. 

Family Miolaniid^. — This is an extinct family represented only 
by the remarkable Miolania^ from the Pleistocene of Australia, of 
which the remains were originally referred to the large Varanus of 
the same deposits. This family, according to Mr Boulenger, occupies 
a position in the present section somewhat analogous to that filled 
^y the Chelydridm among the Cryptodira; the caudal vertebrae 

* Frequently incorrectly given as Chelydida. 
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being opisthocoelous and the temporal fossae of the cranium roofed 
over by bone. The cranium (fig. 1015) is remarkable for carrying 
several pairs of horn-like processes (on which account the name 
Ceratoc^iys has been proposed)^ and the tail was protected by a 
nodose bony sheath (fig. 1014), somewhat resembling that of the 
Glyptodont Edentates. The species of which the skull is shown in 
the woodcut must have attained huge dimensions. The carapace 
and plastron are known only by fragments. From the structure of 



B A 


xois^ — Mioiania Oweni. a, Anterior view of cranium; b, Right lateral aspect of the 
extremity of the caudal sheath ; from the Pleistocene of Australia. Much reduced. (After 
Owen.) 


the jaws it is inferred that Miolania was herbivorous ; while the 
form of the terminal phalangeals and the solid caudal sheath are 
indicative of terrestrial habits. The bones of the pelvis are fused 
into an innominate bone, and some of the cervical vertebrae had two 
transverse processes. 

It should be observed that Dr Baur dissents from the view that this 
genus is a Pleurodiran, and would refer it to the Cryptodiran family Tes- 
tudinidcB] but there appear to be several misconceptions in the argu- 
ments adduced in support of this view. Sir R. Owen does not, indeed, 
recognise the Chelonian nature of Miolania^ and regards it as constitut- 
ing a distinct group, under the name of Ceratosauria ; but this view is 
altogether at variance with the facts, and there can be no question but 
that the genus is a true Chelonian. 

Family CarettochelyiD/E. — The last family of the Pleurodira 
is characterised by the absence of horny shields, and is typically 
represented by Carettochelys of New Guinea, in which the neural 
bones are very small and do not touch one another, and the limbs 
are paddle-shaped. In the Lower Eocene of Northern India we 
find the extinct genus Hemichelys^ which differs from Carettochelys 
in having seven large neural bones in contact with one another ; the 
nature of the limbs being unknown. 

Section 3. Cryptodira. — In this section the ossification of the 
carapace and plastron may be either imperfect or complete, and the 
two may or may not be connected at their edges ; there is no bony 
attachment of the pelvis to the plastron ; and as a general rule, the 
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full complement of supmpfeil and neural bones is present, although 
there are numerous exceptidhs. ^ Excluding the Amphichelydian 
forms, no known Cryptodiran has a mesoplastral bone, while in 
the majority of cases, especially among existing types, the plas- 



Fig. 1016.— Plastron of Kachuga tectum ; from 
India. One>half natural size. Gular shield ; 
kum^ Humeral do. ; pec^ Pector^ do. ; ab^ Abdo- 
minal do. \ ferny Femoral do. : arty Anal do. ; e.py 
Epiplastral bone ; entpy Entoplastral do. ; hy,py 
Hyoplastral do. ; hfPy Hypoplastral do. \ x py 
Xipmplastral do. 


tron has no intergular shield 
(fig. 1016). The entoplastral, 
when present, is either ovoid, 
rhomboidal (fig. 1016), or 
•f-shaped (fig. 1009), and the 
epiplastral joins the hyoplas- 
tral. In the skull (fig. 1007) 
the outer border of the tym- 
panic cavity is always deeply 
notched posteriorly ; the quad- 
rate articulates with a con- 
cavity in the mandible; and 
the pterygoids are compara- 
tively narrow and laterally 
emarginate. There are never 
more than three phalangeals 
in the digits. The sacral and 
caudal ribs (as in the Pleuro- 
dira) articulate partly with the 
centra and partly with the 
arches of the vertebrae ; while 
the cervical vertebrae have 
very imperfectly developed 


transverse processes. No ex- 


isting Cryptodiran has distinct nasals, and at present there is no 
decisive evidence of the presence of these bones in any fossil form. 


The Cryptodira are further characterised by their power of retract- 
ing the head by a sigmoid curvature of the neck in a vertical plane 
directly within the carapace. This large section comprises the great 
majority of the existing Testudinata, and at the present day is 
mainly characteristic of the Northern Hemisphere, being totally 
absent from Australia. The habits of existing Cryptodires may 
be carnivorous or herbivorous, and either terrestrial, fluviatile, or 


marine. 


Family Acichelyid^. — Under this name may be grouped a 
number of generalised Cryptodirans often spoken of as the Thalas^ 
semydes^ and in some cases as the Eurysternida. They occur typi- 
calfyin the Lower Kimeridgian Lithographic Limestones of the Con- 
tinent, and are abundant in the Kimeridge Clay, while they survived 
till the period of the Lower Greensand. They were probably 
mainly of marine habits, since they appear to be very rare in the 
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freshwater Purbeck and Wealden beds. ^They are characterised by 
the more or less heart-shaped c^apace, of which the costals are 
often imperfectly ossified, and do not unite completely with the 
marginals. The plastron has, moreover, a vacuity in the centre, 
which persists for a long peripd or throughout life, but it had large 
axillary and inguinal buttresses for connection with the carapace. 
The humerus has a very imperfectly developed head and a slightly 
curved shaft ; and the limbs were not modified into paddles. The 
nuchal bone of the carapace has no costifOrm processes ; and the 
temporal fossae of the skull were more or less completely roofed 
over by bone. 

In their cordiform, and frequently imperfectly ossified carapace, 
the Acichelyida agree with the modern Chelonida ; and since the 
peculiar form of the neurals of Tropidemys is another featt!!re only 
met with elsewhere in the latter family, there are strong grounds for 
regarding the one family as the direct ancestor of the other. This 
family also exhibits certain signs of affinity with the Pleurodiran 
Flesiochelyidcd ; while the simplicity of the humerus is a very general- 
ised character. 

The genus Thalassemys, which includes some very large forms, is 
characterised by its long and flat neur^ |[)ones, in which the anterior 
lateral surfaces are much shorter than the posterior ones ; while the 
vertebral shields are narrow. The carapace is well ossified, and of 
considerable thickness. The type species occurs both in the Litho- 
graphic Limeslone and the Kimeridge Clay of England ; the unde- 
scribed Chelonian from the latter deposit at Ely, to which the name 
Enaliochelys has been applied, being apparently identical. As al- 
ready mentioned, the Portlandian Stegochelys may likewise be the 
same ; and the genus is represented in the Dorsetshire Purbeck. In 
the typical genus Acichelys {Eury sternum^ Achelonia^ PalcBomedusa, 
or Apiax) the neural bones of the carapace are flat, with short and 
often indistinct antero-lateral surfaces, and the costals are well ossi- 
fied, the vertebral shields of the carapace being comparatively wide. 
This genus seems to be confined to the Lithographic Limestone. 

In Felobatochefys, of the Kimeridge Clay, we have a large form 
with a very imperfectly ossified carapace, in which the costals are 
extremely thin, and the neural bones are long and six-sided. The 
antero-lateral surfaces of the neurals are much shorter than the 
postero-lateral, and in the fifth neural the latter surfaces are deeply 
excavated. The neurals, especially in the hinder part of the cara- 
pace, are strongly ridged, having the form of the ridge-tiles of a 
roof ; and the hinder part of the whole carapace is itself roof-like. 
The vertebral epidermal shields were very, wide, and the borders of 


^ This name is the earliest, but is preoccupied. 
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the areas which they overlie on the carapace are conspicuously 
fluted. The last genus, Tropidemys^ while having the roof- like 
posterior neurals of Pelobatochelys^ is distinguished by the almost 
regularly hexagonal form of these bones, owing to the lengthening 
of the anterior and the shortening of the posterior lateral surfaces. 
One species from Hanover referred to this genus shows the unique 
feature of a median row of numerous small intervertebral shields 
dividing the normal vertebrals into two lateral series. This genus 
occurs in the Lithographic Limestone, in the English Kimeridge 
Clay, and the Lower Greensand of Switzerland (7! valanginiensis). 
The detached neurals are readily distinguished not only by their 
shape, but by their excessive thickness. 

Family CHELYDRiD.«f — This family is confined at the present 
day tiSj^orth, and part South America, where it is represented 
by the Alligator-terrapins and the larger Snapper {Macro- 

clemmys). The skull is more or less triangular, and very broad 
behind ; the temporal fossa is partially roofed over, but the squa- 
mosal is widely separated from the parietal ; the bones of the palate 
do hot develop plates to floor the narial passage ; and the tympanic 
ring of existing forms, like that of the Testudinidcc^ is in great part 
closed behinct The nuchal bone of the carapace develops a long 
rib-like (costiforpi) process on either side, which underlies the mar- 
ginals ; and the complete union of the marginals with the costals 
does not take place for a long period ; while in the plastron 
vacuities frequently persist till late in life, and the plastron itself 
may he relatively small, and unites with the carapace by gomphosis, 
the hyo- and hypoplastrals not giving off buttresses to underlie the 
carapace. In existing forms the caudal vertebrae are opisthocoelous ; 
and there is no bony union between the ischium and pubis of the 
same side to enclose an obturator foramen. The head cannot be 
completely retracted within the shell. The humerus is not flattened, 
and has its radial and ulnar processes large, and directed towards 
the ventral aspect. 

If all the genera provisionally included in this family au rightly 
referred, it will be the oldest representative of the order which still 
exists. The genera may be divided into three subfamilies, accord- 
ing to the presence or absence of sculpture or epidermal shields on 
the shell It is, however, by no means certain that all these forms 
should be included in this family ; but until we know the skull and 
caudal vertebrse of all the genera it is impossible to decide this 
point, and it may eventually prove that there is a more or less com- 
plete passage to the Dermatemydidm from this family, since there 
already are some indications of a connection between them. Thus 
the American Cretaceous genus Toxochelys is stated by Dr Baur to 
be a true Chelydroid, but to have the procoelous caudal vertebrae 
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of Dermatemys^ and also to have an open tympanic ring. The 
AnostirifKB are typically represented by Anostira^ of the Upper 
Eocene of North America and England, and we may probably 
include in the same group Pseudotrionyx {Apholidemys\ of the 
Middle and Lower Eocene of Europe. In these forms the shell 
has a vermiculated sculpture, but epidermal shields appear to be 
absent, although Dr Baur states there are traces of them in the 
typical genus ; the plastron is well developed ; and the neural bones 
are reduced to seven, as in Dermatemys, A nostir a, which, on ac- 
count of the presence of only ten marginal bones, Dr Baur places 
in the Dermatemydidce (Staurotypida), differs from Pseudotrionyx 
by the sculpturing of the neural bones. The skull of Pseudotrionyx ^ 
originally referred by Sir R. Owen to Ptatemys^ agrees essentially 
with that of Macroclemmys, although the «rbits are less lat^l^^ The 
second subfamily, Tretosterninm^ is represented by Tretosternuniy 
of the English Wealden and Purbeck, with which Pe/tochelys, of the 
Wealden of Belgium, is identical. Possibly the imperfectly known 
North American Cretaceous genus Compsemys may prove to be a 
closely allied, if not identical, type. The shell is studded with 
granular tubercles, and has epidermal shields ; while the plastron is 
larger than in the Chelydrince^ and has an intergular shield. This 
is, however, accompanied by only five paired plastral shields, as in 
Dermatemys^ instead of the six found in Pleuro sternum (fig. 1012). 
The nuchal bone is deeply emarginate. 

Finally, in the t3^ical subfamily Chelydrince the shell is not 
sculptured, and has epidermal shields; the plastron is relatively 
small, and generally has a median vacuity ; while there is the full 
number of eight neural bones, of which the last articulates with a 
suprapygal, and thus prevents any of the costals from meeting in 
the middle line. The type genus Chelydra is represented in the 
Puerco or Lowest Eocene of the United States, and also occurs in 
the Upper Miocene of Switzerland, the Middle Miocene of Styria 
(where it has been described as Chelydropsis\ and the Lower 
Miocene of Rott, near Bonn. No fossil forms have hitherto been 
referred to Macroclemmys^ which is distinguished from Chelydra by 
the more deeply emarginate nuchal, and the lateral orbits of the 
skull, which is very large in proportion to the shell and limb-bones. 

Family Cinosternid-®. — ^With the American genus Cinosternum 
we come to a family readily distinguished by the total absence of 
the entoplastral element of the plastron. In the existing genus the 
skull has open temporal fossae, the nuchal has a costiform process 
like that of the Cheiydridee^ the pelvis is of a Testudinate type, and 
the caudal vertebrae are proccelous. The absence of the entoplastral 
also occurs in the Swiss Eocene genus Dithyrosternum^ which has 
accordingly been placed in the same family. It is distinguished from 
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Cinostemum by the presence of eight neural bones, and the long 
bridge connecting the carapace with the plastron. 

Family Dermatemydid.®. — ^The genus Dermatemys^ of Central 
America, is taken as the type of a family which includes Stauro- 
typm of the same region, and in some respects connects* the 
Cinosternidce with the Ckelydridce, The nuchal bone has a costi- 
form process, as in both those families ; the temporal fossae of the 
skull are not roofed over ; the caudal vertebrae are procoelous ; and 
in the pelvis the pubis and ischium of the same side do not unite 
to enclose an obturator foramen. The shell is well ossified, but in 
the type genus the union between the costals and marginals does 
not take place till a late period. Baptemys^ of the Upper Eocene 
of North America, which has been included by Professor Cope in 
Dermattmys, is distinguished from the latter by having the full 
number of neural and suprapygal bones, so that none of the costals 
meet in the middle line. Here may be mentioned several allied 
North American forms, most of which are referred by Professor 
Cope to a distinct family — the Adocidce — mainly on account of the 
circumstance that the ribs do not develop heads to articulate with 
the vertebrae ; but since the same feature occurs in Testudo 
among the Testudinidce^ it cannot be regarded as of family value. 
In Homorophus, of the American Cretaceous, there is no inter- 
gular shield, and the vertebral shields are very narrow. In Adocus, 
of the Upper Cretaceous, and Agomphus (with which Dr Baur states 
Amphiemys is identical), of the Eocene, intergular shields were 
present. The former has traces of sculpture on the shell ; while in 
the latter the epidermal shields are very thin, and the surface of the 
shell is marked with a faint vermiculate sculpture. We are thus led 
on to the European Trachyaspis^ which is probably an allied form, 
and with which one or other of the American types may perhaps 
prove to be identical. This genus, which has elongated vertebral 
shields recalling those of Dermatemys and Baptemys, occurs typically 
in the European Tertiary, and has also been recorded from the 
Lower Greensand of Switzerland, although the latter form has been 
referred by Professor Riitimeyer to Flesiochelys, A nearly entire 
carapace has also been obtained from the Tertiary of Egypt The 
surface of the shell is covered with a distinct vermiculated sculpture 
like that of Trionyx^ but thin epidermal shields were present 

Family PLATvsTERNiDiE. — The existing Burmese genus Platy- 
skrnum is represented by a very small Chelonian forming the only 
cqember of a family which connects the Chelydridm with the Testu- 
dinid(B, Thus the temporal fossae of the skull are roofed over, the 
pelvis is of a Chelydroid type, and the caudal vertebrae are mostly 
opisthocoelous ; but the nuchal agrees with that of the Testudinidm 
in having no costiform process. 
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Family TESxuDiNiDiE. — Following Mr Boulenger*s arrangement, 
this extensive family is taken to include the Cistudinidcz and most 
of the EmydidcB of other writers, and may be briefly characterised 
as follows : The limbs terminate in free digits ; epidermal horny 
shields are always present, but there is no intergular shield ; the 
carapace is ovoid and fiilly ossified ; the plastron in the adult is 
connected with the carapace either by suture or a straight articula- 
tion, and is always fully ossified. There is no costiform process to 
the nuchal bone ; the temporal fossae of the skull are not roofed 
over by bone ; the caudal vertebrae are proccelous ; and the pubis 
and ischium of either side unite to enclose an obturator foramen. 
The humerus has a well-developed head, and its shaft is more or 
less curved. The skull is of nearly equal width throughout its post- 
orbital portion. The Terrapins and Tortoises, as the existing mem- 
bers of this family are commonly termed, exhibit great variety of 
habits, some being aquatic and others terrestrial ; while some, again, 
are carnivorous and others herbivorous. Some of the terrestrial 
forms have the normal two epidermal caudal shields of the carapace 
fused together into a single large shield. 

We may commence our brief survey of this large family with the 
Oriental group of Batagurs, represented by Batagur^ Kachuga^ Har- 
della^ and allied types. These include freshwater Terrapins, fre- 
quently of large size, characterised by the great development of the 
axillary and inguinal buttresses of the plastron, which divide the 
sides of the carapace into chambers, and also by the presence of 
one or more strong ridges on the oral surface of the palate, running 
parallel to its alveolar borders. On the plastron (fig. ioi6) the 
sulcus between the humeral and pectoral shields is below the ento- 
plastral. Kachuga (including Pangshurd) has the fourth vertebral 
shield elongated, and overlying parts of four or five neural bones ; 
the anterior neurals being elongated and hexagonal, with the short 
side anterior. The typical K. Uneata^ in which the fourth vertebral 
shield is broad anteriorly, is represented in the Pliocene Siwaliks of 
India, which also yield the existing K. dhongoka. In a second 
group {Pangshurd)^ in which the fourth vertebral shield is narrowed 
to a point at its junction with the third, we have the existing K, 
tectum (fig. ioi6) in the Pleistocene and Pliocene of India. Har- 
della (fig. 1017) is characterised by the shortness of the fourth 
vertebral shield, which usually extends over three neural bones 
(four in the figure), and by the third vertebral shield overlying 
parts of three (in place of two) neurals. It is represented in the 
Siwaliks by the existing H. Thurgi (fig. 1017). With the exist- 
ing American genus Chrysemys we come to forms in which the 
axillary and inguinal buttresses are much less developed than in 
the Batagurs, and the neural bones are shorter than in Hardella. 
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^ In Chrysemys itself the sulcus between the humeral and pectoral 
^yiiields of the plastron is situated entirely on the hyoplastral, as in 
4ig. ioi6; and from the presence of this feature, it is probable 
^ that the so-called Emys testudinifarmis and E, bicarinata^ of the 

London Clay, should be re- 
ferred to this genus. In the 
existing genus Ocadia^ from 
China, and also in the Palae- 
arctic and North American 
Ckmmys^ the humeropectoral 
sulcus is placed somewhat 
more anteriorly, and conse- 
quently cuts the entoplastral 
bone. A similar feature is 
frequentl;^ found in the so- 
called (rassa {hordwel- 

li€nsts)^iof the Upper Eocene 
of Hampshire; and it ap- 
pears that this form should 
be referred to the genus 
PalcBochelys, of the German 
Miocene, from which Ocadia 
is probably not separable. 
Emys wyofftingensis^ of the 
Upper Eocene of North 
America, appears to be re- 
ferable to th^,same genus. 
Ocadm^^xt may be observed, 
agrees with the herbivorous 
Batagurs in the presence of ridges on the palate ; but these ridges 
are absent in Ckmmys and the undermentioned forms, which are 
purely carnivorous. 

These formt inay be divided into two groups, according as to 
whether the plastron is united to the carapace by suture, or simply 
by ligament. In the former series Ckmmys is represented in the 
Pliocene of Algeria by a species closely allied to the existing C. 
kpr&sa of that region. The characteristic Oriental genera Damonia 
and Bellia are represented in the Pliocene Siwaliks of India ; the 
fossil Damonia being apparently inseparable from the living D, 
Hamiltonu In the second series, where there is a more or less 
Complete transverse hinge in the plastron at the junction of the 
hyo- and hypoplastrals, and the buttresses of the carapace may be 
wanting, we find remains of the existing Emys orbicularis {E, lu^ 
traria or Lutremys\ commonly known as the European Pond-tor- 
toise, in the Pleistocene of England and the Continent Cisfudo, 



Fig. 1017 — Carapace of Hardella Tkufgi ; India. 
.j», Nuchal bone ; «2-»8, Neural do. ; s^, Supra- 
pygai do. ; Pygal do. ; ci-c8, Costal do. ; 
mi-mxx, Marginal do. Reduced. 
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which is almost exclusively terrestrial, has been recorded from the 
Continental Miocene. The Indian genus Nicoria^ which is repre^ 
sented by the existing N. {Chaibassia) tricarmata in the Siwaliks, is 
distinguished from all the preceding forms in that the neural bones 
have their short side placed posteriorly. The extinct Ptychogaster, of 
the Lower Miocene (Upper Oligocene) of France, is characterised by 
the ligamentous junction of the hypoplastral with the carapace, and 
by the presence of a hinge between the hypo- and hyoplastrals, and 
also by the contour of the neural and costal bones, which approxi- 
mate to those of the true Tortoises ; from which we may assume 
that this form was mainly of terrestrial habits. In both genera the 
humero-pectoral sulcus cuts the entoplastral bone. 

In the land Tortoises, forming the last group of the family, the 
neural bones are generally very short and wide, and may be either 
hexagonal, or alternately tetragonal and octagonal ; while the costal 
bones are generaljy alternately short and long at their inner and 
outer extremities ; thsj^ suture belsiireen the marginal and costal bones 
usually coincides with the sulcus dividing the corresponding shields, 
and the cay^ial shield is generally undivided. In most cases the 
sulcus between the humeral and pectoral shields is behind the ento- 
plastral bone. The digits differ from those of most of the preceding 
genera by being adapted solely for walking, and devoid of webs ; 
while the metacarpals are shorter, and the humerus is very much 
curved, with its radial and ulnar processes approximated. The least 
specialised existing forms are Cynixis and Pyxis^ which have neural 
bones like those of Homopus^ but costals of the ordinary Emydine 
type ; they apj^ear to be unknown as fossils. Hadrianus^ of the 
Upper (Bridger) Eocene of the United States, includes generalised 
Tortoises of large size, in which the neural bones are elongated and 
hexagonal, with the shorter lateral surfaces posterior ; the costals do 
not alternate in length ; the vertebral shields are narrow ; and the 
caudal shield is divided. The genus Homopus^ which now includes 
a few species of small size confined to Africa, has no ridge on the 
palate, and the neural bones are short and hexagonal, with short 
postero-lateral surfaces, and the caudal shield is single. It is repre- 
sented in the Upper Miocene of Switzerland by the so-called Emys 
scutella^ and in the London Clay by E, Comptoni, In Stylemys, from 
the White River Miocene of the United States, the short neural bones 
have their shorter lateral surface placed anteriorly, the posterior costals 
do not alternate in length at their extremities, and there is a single 
caudal shield. All the remaining forms may be included in Testudo^ 
in which the palate has one or two ridges ; the neural bones usually 
consist of an alternation of small tetragonal and larger octagonal 
ones; while the anterior extremity of the epiplastrals is more or 
less thickened. In the skull the pterygoids are wide, and depressed 
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in the ix^dle (^. 10x7^). Usually th^ caudal shield is single, 
but'jjl miy be divided* The ribs have tio heads for articulation with 
the vertebrse. The forms described as Manuria and Coloss(K^ys 
may be igduded in this genus, whjch comprises a large numbi^ of 
species, ^^xclusive pf the JurasSic scM^ed 7 ! Stricklandi^ which 
has been already mentioned under tSfe head of Protockdys^ 
earliest occurrence of the genus appe!^s to be in the Upper Eocene 
Phosphoritfe#^f France ; it is, however, not certain that the form 
from these deposits may not be referable to one of {he American 
genera. A marginal in the BritiSi Jduseum indicates an iMividual 
about 30 inches in length, t*. gigm^ df the Miocen# cf Haute- 
Loire, is a still larger form ; and sp^ies of large dimensions also 
occur in the Lower Mibcene of Al^ and the Ij^dle Miocene of 
Gers, ^ Well as iPltUcene of Atice an<^^^ce. 

The huge T, {Co^^helys) atlas^ of the l^liocene Siwaliks of India, 
was one of the earliest of the large extinct forms brought to llie notice 
of science, although its size has been greatly exaggerated. It a{^ars, 
indeed, that;^ the length of the carapace was about six feet, Or one-third 
greater than elephantina^ of the Galapagos Islands. This species 
IS remarkab^iTor the great development of the epiplaStral bones, which 
formed a pair of hom-like processes ; and is also noteworthy for the 
anchylosis ofthe three bones of the pelvis into an innominate bone. The 
skull, frhich probably belongs to this species, resembles in structure the 
skulls of the recent g^ant tortoises of Aldabra. The carapace had no 
nuchal shield, the caudal shield was divided, and the limbs were 
covered with bony ossicles, as in the existing 7*. einys of India, to which 
this form was probably allied. The large 7. perpiniana^ of the Pliocene 
of France, in which the depressed carapace measures njMU*ly jour feet in 
length, and the limbs were likewise covered with dermal ossicles, was 
probably also nearly allied. An unnamed species, from the Plioc^e of 
the Siwalik Hills, has a skull resemWing that of the Galapagos tortoises 
(fig. bis) \ which are characterised By the backward extension of the 
ojnsthotics. We also find in the Siwaliks 7. Cautleyi characterised by 
its small cpiplastrals ; and 7. punjahiensis^ which appears to have been 
a form allied to the smaller existing Indian 7. emys. Remains of giant 
tortoises also occur in the Pleistocene cave-deposits of Malta. 

Finally, we mUit not omit to briefly mention the giant tortoises of the 
present epooll, which, it appears, have been driven from the continental 
areas by the competition of the higher types of life to seek refuge in 
islands, where they attained an extraordinary numerical development, till 
their haunts were invaded by man. These tortoises formerly existed in 
great numbers in the islands of the Aldabra group, lying to the north-west 
of Madagascar; in the Mascarenes, which comprise Mauritius and Rodri- 
guez ; and also in the Galapagos, or “ Tortoise- Islands,” which lie off the 
coast of South Amepca. The Aldabra Tortoises are characterised by 
iheir deeply excavated palate, short opisthutics, and the presence of a 
nuchal and of double giilar shields. Some of them were living in the 
^year 1877 . In the Pleistocene of Madagascar remains of two very large 
species have b<«n found, both of whi^ present the characters of the 
Aldabra forms. The M^carene species have no nuchal shield, and only 
a single gular; and the whole of them have been exterminated by human 
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agency. Their skulls resemble those of the next group (fig. 1017 in 
the slight excavation of the palate, and the produced opisthotics. Finally, 
the GalapagosItortoiseS, a considerable number of which were found in 
Albemarle and Abingdon Islands during the voyage of the Challenger, 
are distinguished by the double gfuiars and the absence of tb^ nuchal 
shield. From the Pleistocene of South America, Dr Moreno describes 
two large tortoises allied to l®e Galapagos forms ; one of them being 



Fig. — Palatal aspect of the cranium of Testudo micro^kyes ; from the Galapagos 

Islands. Two*thirds natural size, au, Auditory*aperturc ; bo^ Basioccijjital ; bs^ Basisphenoid ; 
co«, Condyie of quadrfite ; mx^ Maxilla ; oc, Occipital condyle ; ob, Opisthotic ; Palatine ; 
pmx, PremaxiIIa*; Pterygoid ; gu^ Quadrate ; sgu^ Squamosal ; sup^ Supraoccipital spine ; 
VO, V< 


described as the probable ancestor of T, nigra {clephantopus) of the 
latter group. The carapace of T. elephantina measures four feet in a 
straight line. 

Family Cheloniq^. — The last family of the Cryptodira differs 
from all the preceding in having the limbs modified into more or 
less complete paddles or flippers (fig. 1018), which in the existing 
forms have only one or two claws. The carapace is broad and 
more or less depressed, and is very generally heart-shaped (fig. 
1018), although in some of the early forms it is rounded at both 
extremities. The nuchal bone has no costiform process ; there are 
usually larger or smaller unossified spaces between the costals and 
marginals of the carapace (fig. 1006), but in very old individuals 
these may obliterate in some forms ; and the plastron is not articu- 

voL. 11. P 
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lated to the carapace, and has digitated lateral terminations, and 
generally a larger or smaller median vacuity (fig. 1009). The 
humerus is more or less flattened, with the axis of the head gen- 
erally placed nearly immediately above that of the shaft, and the 
radial process small, and placed more or less below the well- 
developed head. The caudal vertebrae are procoelous, and the 
cervicals extremely short. In the^' skull the temporal fossae are 
completely roofed over by bone, so that the squamosal joins the 
parietal ; and the bones of the palate unite for a longer or shorter 
distance beneath the narial passage, so as to throil the posterior 
nares more or less backward (fig. 1020). The prefrontaJs (as in 
most Testudinida) always form a re-entering angle posteriorly ; and 
the t)ynpanic cavity is quite open posteriorly, so as to expose the 
stapes. In old individuals the vacuities in the shell tend to ob- 



literate, and in the more generalised extinct types this tendency is 
mifldi more marked, and it is quite probable that in some cases 
they may have completely disappeared. This more complete ossifi- 
cation of the shell in these generalised types indicates affinity with 
the preceding families, and probably more especially with the 
Ackhelyida ; and the same is indicated by other features, such as 
the more marked constriction of the shaft of the humerus, and the 
more oblique position of its head, together with the probable pres- 
ence of claws to all the digits. Some writers, indeed, consider these 
more generalised types as entitled to constitute a distinct family — 
the Propleuridct ; but their close relationship to the existing Log- 
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gerhead forbids this view. We have already suggested reasons for 
regarding this family as being descended from the Mesozoic Ad- 
ckelyidm^ and from this point of view it is interesting to note the 
presence of an intergular shield in the plastron of the existing, and 
probably, therefore, of the fossil forms, since, as we have already 
stated, this appears to be an archaic feature. The same observa- 
tion will apply to the open Tjympanic ring. At the present day 
there are four living species of Turtles — viz., the Loggerhead 
{Thalmssochelys caretta, fig, 1006), the Mexican Loggerhead ( 7 ! 
Kempi\ the flawksbill {Chelone imbricata, fig. 1018), and the 
Green Turtle {C, mydas\ all of which are of purely marine habits. 
The Hawksbill alone is carnivorous ; and is further peculiar for the 
circumstance that in the young state the epidermal shields imbricate, 
instead of uniting by their edges. It has been suggested that the 
extinct genera were of estuarine rather than purely marine habits ; 
and this is borne out by their occurrence in the estuarine deposits 
of the London Clay, to the exclusion of the marine genus 
Chelone, 

The most remarkable of the extinct genera is Lytoloma (Eudastes^ 
Puppigerus^ Glossochelys^ or Erqmlinnesia\ which occurs typically 
in the Eocene of North America and the London Clay, and is also 
represented in the Middle Eocene of Bracklesham, as well as in the 
Chalk and Cambridge Greensand. In the typical Eocene forms, 
like the so-called Chelone planinuntum and C, crassicostatum of the 
London Clay, the skull is as large in proportion to the shell, as in 
Macrodemmys among the Chelydridce, The skull of the adult is 
remarkable for the extremely backward position of the posterior 
nares, which are approximated to the basioccipital ; and for the 
length and width of the mandibular symphysis (fig. 1019, a). The 
palate has low alveolar walls, and no oral ridge ; the nares and 
orbits are directed somewhat upwardly ; and the bar between the 
latter is narrow. The shell is characterised by the great extent of 
its ossification, as well as by the rounded posterior extremity of the 
carapace, and the sutural connection of the broad xiphiplastrals in 
the median line. The head of the humerus is somewhat oblique, 
and its shaft much constricted. The limbs were clawed. Curidusly 
enough, in the young, and perhaps also in the adult of some of the 
smaller forms, the posterior nares were placed much less back- 
wardly, and the mandibular symphysis was shorter and less 
flattened. It is probable that at least some of the North American 
Eocene forms described as Osteopygis^ Propleura ^ and Catapleura^ 
are not separable from this genus ; while a turtle from the Creta- 
ceous of Australia, originally described by the preoccupied name 
of JVolockelys, but which has been provisionally designated JVblo- 
chelone^ is probably also nearly related. 
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Closely allied to the preceding is the genus Thalassockelys^ as 
represented by the Loggerhead (fig. 1006). The skull is, however, 
relatively smaller in proportion to the shell, which is distinguished 
by the presence of five costal shields ; the carapace is heart-shaped ; 
the xiphiplastrals are narrow, and join only at their extremities ; 
while the terminal phalangeals are flattened and have but one or 
two claws. The shell is distinguished from that of Chelone by its 
more complete ossification, and its T-shaped entoplastral ; while 



Fig. X019,— Oral of the left half of the mandible of Lyioloma crasstcosiaiy^i (a), and 

Ckehn€ tt^dax (b) Reduced. 1 he former from the Lower Kocene of Belgium, tne latter re- 
cent. Postarticular process; /?, Splenial ; », Geniohyoid groove; jf, A, Insertion of temporal 
muscle; k, Coronoid process. 


the humerus is more constricted, and has its head placed more 
obliquely. The position of the posterior nares and the form of the 
palatal walls and mandibular symphysis closely resemble the same 
parts in the young of *Lytoloma» In very old specimens the vacui- 
ties between the costals and marginals completely close up. This 
germs probably occurs in the London Clay,^ and also in the Middle 
Eocene of Bracklesham. 


^ As indicated by a mandibular symphysis in the British Museum. 
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In Argillockelys^ of the London Clay, the skull (fig. 1020), which 
is very short and has deeply emarginate pterygoids, differs from that 
of the preceding genera by the presence of an oral ridge on either 
side of the palate and in the middle of the mandibular symphysis, 
although these are present in the Mexican Loggerhead. The 
vomer, as in the young of Lytoloma^ is very long, and extends 
forwards to join the premaxillae; and the pterygoids are charac- 
terised by the forward position of their ectopterygoid processes. 
The shell seems to have been much like that of Thalassochelys, 
but had only four costal shields, and its plastron was perhaps 



Fig. 1030 . — Frontal and palatal aspects of a young cranium of Argillochelys cunetceps ; from 
the London Clay. Owing to immaturity the palatal ridges are imperfectly developed, a, Oc- 
cipital, b, Paroccipital, c, Parietal, and Frontal epidermal shields; bo^ Basioccipital ; /i", 
Pterygoid ; ept^ Ectopterygoid process of do. ; Vomer ; fnx. Maxilla ; pmx^ Premaxilla. The 
bones on the frontal aspect correspond with those of fig. losa, in which letters are given. 


less ossified, although the xiphiplastrals united extensively in the 
middle line. The mandibular symphysis is convex, and com- 
paratively short. The skull of the type species was originally 
described as Chelone cuneiceps ; while the shells figured as C. sub- 
cristata and C. convexa are referable to this genus. 

In the typical genus Chelom the skull is much smaller in propor- 
tion to the shell than in Thalassochelys. It is characterised by the 
more or less nearly vertical position of the nares and orbits, and the 
width of the bar between the latter ; by the tall alveolar walls and 
the oral ridges of the palate and mandibular symphysis ; the long 
pterygoids, with the ectopterygoid processes placed somewhat back- 
wardly ; the forward position of the posterior nares ; and the more 
or less marked shortness of the convex mandibular symphysis (fig. 
1019, b). The skull, moreover, has no occipital epidermal shield, 
which is generally present in the other forms (fig. 1020). In the 
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shell the carapace is either heart-shaped, or pointed at each end 
(hg. 1021); the vacuities are large and persistent; the entoplastral 

is long and dagger - shaped ; 
and the xiphiplastrals -are 
V slender and separate (fig. 
||ji 1009). The humerus is but 
|[l little constricted, with its head 
‘ I'k nearly on the axis of the shaft ; 
I and the coracoid is longer and 
more slender than in Thalas- 
sochelys ; the Green Turtle (C 
mydas) being more specialised 
I in these respects than the 
I Hawksbill (fig. 1018), The 
ji I earliest occurrence of the 
j|l genus appears to be in the 
V Cambridge Greensand and 
M Gault, where C. Jessoni has a 
/ very massive mandible, some- 
what resembling that of the 
Hawksbill. This form may 
possibly be identical with C. 
^ ^ r Benstedi of the Chalk (fig. 

Fig. X 03 I. — Carapace of CArAmr O I ; from ,, , . , • i i /* • i 

^ English Chalk. Reduced. (After Owen.) 1 02 I ), whlCh IS Only definitely 

‘ known by very young shells, 

and has been made the type of the genus Cimoliochelys. In the 
, topmost Cretaceous of Maastricht the gigantic C. Hoffmanni ap- 
pears to be allied to C. imbricata^ but has a shorter and wider 
palate and mandibular symphysis, a more deeply emarginate nuchal, 
and the costal bones extremely short. From the latter very special- 
ised character Dr Baur regards this species as entitled to generic 
distinction, and has proposed the name of Allopleuron, An equally 
large, and perhaps closely allied turtle occurs in the English) Chalk. 
In the higher Miocene of Bordeaux C, girondica appears to be a 
form closely allied to existing types. 

Section 4. Trionychoidea. — The last section of the suborder 


L 



Includes the mud-turtles or soft-tortoises, of the freshwaters of Asia, 

‘ Aflica, and North America ; all of which are of aquatic and car- 
niviwrous habits. Hiese forms, which may probably be regarded 
as escfremely specialised types, present the following distinctive 
featmes. The shell is sculptured and devoid of epidermal shields ; 
its lentoplastral being in the form of a chevron, which divides the 
epiplastral from the hyopkstral; and the marginals, if present, 
forming only an incomplete series at the posterior extremity of the 
carapace, and having no connection with the ribs. The long cer- 
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vical vertebrae have no distinct transverse processes, and the eighth 
articulates with the first dorsal solely by the zygapophyses, thus 
forming the most remarkably complete hinge-joint among the whole 
of the Vertebrata. The fourth digit in each limb is characterised by 
having not less than four phalangeals. The form of the tympanic 
ring of the quadrate, and the relations of the latter to the mandible, 
are of the same type as in the Cryptodira ; and we find a similar 
absence of union between the pelvis and the plastron. In the 
cranium (fig. 1022) the chief distinctive features are to be found in 
the palate ; thus the broad pterygoids are separated from one another 
by the basisphenqid, which extends forwards to join the palatines ; 
the latter, owing to the small size of the vomer, uniting extensively 
in the middle line ; and the whole structure of the palate being of a 
Pleurodiran type. As minor characters of the skull, attention may 
be directed to the open temporal fossae, and the forward position 
and upward direction of the small orbits, as well as to the extreme 
development of the backward processes of the supraoccipital and 
squamosal. The sacral and caudal ribs articulate only with the 
arches of the vertebrae, and there are no chevrons. The plastron is 
always entirely separate from the carapace, and has a large median 
vacuity and digitate extremities, as in the marine Chelonidm, Fur- 
ther, the head and neck are retracted within the carapace after the 
Cryptodiran manner, but, owing to the peculiar structure of the 
eighth cervical vertebra, in a still more complete way. In all cases 
the posterior lateral surfaces of the neural bones of the carapace are 
much shorter than the anterior. 

The marked resemblance of the palate and the general aspect of 
the Trionychoid skull to that of existing Pleurodira is a circum-' 
stance that does not admit of a ready explanation from a phylo- 
genetic point of view, unless we adopt the somewhat improbable 
suggestion that the Pleurodira gave origin to the Trionychoidea at a 
time when their pterygoids had attained their full width, but while 
the tympanic ring was still partially open. 

Family TRiONYCHiDiE. — The whole of the members of this sec- 
tion may be included in a single family, which is, however, suscep- 
tible of division into two subfamilies. In the first, or EmydtncB^ 
the opisthotic of the skull unites with the pterygoid to divide the 
posterior aperture of the auditory labyrinth into two foramina ^ the 
hyo- and hypoplastral of either side are fused together ; the sculp- 
ture of the carapace is tuberculated ; and marginals may be present. 
The existing Oriental genus Emyda^ in which marginals and a com- 
plete series of neurals are present, is represented by numerous species 
in the Pliocene Siwaliks of India, some of which attained very large 
dimensions. The Afncan genera Cyclanorhis and Cycloderma^ in 
which marginals were not developed, are at present unknown in a 
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fossil state. In the second subfamily, or Trionychinct^ the hyo- and 
h5T[)oplastrals remain distinct throughout life; the pterygoid does 
not join the opisthotic behind the labyrinth ; the sculpture usually 
consists of sinuous ridges or pits ; and marginal bones are never 
developed in the carapace. The type genus Trionyx is widely dis« 

tributed at the present day, and 



Fig. T 023 .^rrontal aspect of the cranium 
Trionyxyimt^tiCHs ; from the Pleisto- 
ttne of India. Keduced. Supraocci- 
pital ; ^r, Parietal ; jf/y, Postfrontal ; 
Frontal ; Prefrontal + nasal ; 

Maxilla; ju, Jugal; Quadratojugal ; 
OTf Orbit. Tile processes on either side of 
the supraoccipital are formed externally by 
the squamosal, and internally by the opis- 
thotsc, of whicn the inner border articulates 
with the supraoccipital ; externally to the 
parietal is the prodtic. 


extends downwards into the Lower 
Eocene of both Europe and the 
United States, and is also repre- 
sented in the Upper Cretaceous of 
the latter area. Many species are 
remarkable for showing dimorphic 
types of skull, which in one modi- 
fication has a broad palate adapted 
for crushing, while in the other the 
palate is very narrow. The Indian 
species, in which the skulls are not 
subject to this variation, have two 
short neural bones between the first 
costals ; while in the recent Ameri- 
can forms there are but seven pairs 
of costals. All the European fossil 
forms agree with the majority of 
species in having only one long 
neural bone between the first cos- 
tals. In Europe this genus appears 
to be unknown above the Upper 
Miocene of CEningen, and it is ex- 
tremely abundant in the Upper 
Eocene (Lower Oligocene) of Hord- 
well. The existing Indian species 


occur in the Pleistocene and Plio- 


cene of that country. Of the American Tertiary species at least 
some have eight costals, and in some cases only six neurals. The 
Lower Eocene and Upper Cretaceous forms described by Professor 
Cope as Plastomenus may be included in the type genus, since the 
thickening of the plastron can. scarcely be regarded as a generic 
character. The same remark applies to the Eocene Axestus^ of the 
United States, in which the plastron is smooth, as in some existing 
forms. An apparently distinct type, in which the outer margin of 
the costals is deeply grooved, occurs, however, in the English 
Upper Eocene, which has been named Aulacochelys, Finally, the 
exclusively Oriental genus Chitra is represented in the Pliocene 
and Pleistocene of India by remains of the one existing species C 
indimy the largest member erf the femily. 
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CHAPTER LIV. 

CLA SS REPTILIA — continued. 

Orders Ichthyopterygia, Proterosauria, Rhynchocephalia, 

AND SqUAMATA. 

Streptostylic Branch. — According to the arrangement pro- 
posed by Dr Baur, this branch is taken to include the four orders 
mentioned in the heading of this chapter. These orders present a 
remarkable instance of the divergent views obtaining among different 
writers as to the classification of Reptiles. Thus Professor Cope 
has proposed to place the Ichthyopterygia in a group by themselves, 
which he regards as of equal value to another containing all the 
other orders ; while Professor Seeley at one time regarded this order 
as a division of the Dinosauria, although its relationship to the 
Squamata^had been long before pointed out by Sir R. Owen. Pro- 
fessor Seeley has also proposed to separate the Squamata from all 
other Reptiles under the name of Coenosauria, and to include the 
Rhynchocephalia in a second division as Palaeosauria. Professor 
Cope, while not going so far as this, places the Rhynchocephalia in 
the Synaptosaurian brarlch ; while Professor Huxley would include 
both that group and the Proterosauria in the Squamata (Lacertilia), 
from which the Ophidia are excluded Dr Baur, again, merges the 
Proterosauria in the Rhynchocephalia, and regards the latter as a 
distinct order allied to the Squamata. This middle course is fol- 
lowed in the present work, although the Proterosauria, in accordance 
with the views of Professor Seeley, are provisionally allowed to rank 
as ait|Order. 

The present branch may be collectively characterised as follows : 
The dentition is very generally either acrodont or pleurodont, with 
the teeth of the adult anchylosed to the jaws ; but the teeth may 
be implanted in a groove, and remain free. In addition to their 
presence in the jaws, teeth may also be developed on the palatine 
and pterygoid, and very rarely on the vomer. There is very fre- 
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quently a parietal foramen ; the superior temporal arcade is gener- 
ally present, but in the more specialised forms the inferior is often 
wanting. The quadrate may be either movably or immovably 
attached by its proximal extremity to the cranium ; a columella is 
very generally present ; and the ramus of the mandible never has 
a lateral vacuity. The precoracoid appears to be fused with the 
coracoid, and may be represented by a precoracoidal process (fig. 
1040), or its position indicated merely by a fontanelle, while in the 
Ichthyopterygia even the latter is wanting. A T-shaped interclavicle 
and clavicles are present in all the earlier and a large proportion of 
the later forms. Usually all, or nearly all, of the dorsal ribs articu- 
late by single heads ; the dorsal vertebrae either have short or rudi- 
mental transverse processes, which are never placed entirely on the 
arch, *or (Ichthyopterygia) a pair of facets on the centrum ; and, 
with one exception, there are not more than two vertebrae in the 
sacrum. Abdominal ribs are present in the earlier, but are lost in 
most of the later forms. The humerus frequently has an ectepicon- 
dylar foramen. The number of phalangeals in the digits of pente- 
dactylate land forms is generally 2, 3, 4, 5, 3, in the manus, and 
2> 3, 4, S» 4 in the pes. 

In no case are secondary posterior nares formed by the develop- 
ment of plates from the bones of the palate to floor the narial 
passage ; the posterior nares consequently always forming more or 
less slit-like horizontal apertures in the roof of the mouth. Neither 
is the posterior extremity of the palate ever completely closed by 
the junction of the pterygoids with the basisphenoid, after the 
fashion obtaining in the Chelonia (fig. ioi7^/>)and some Sauro- 
pterygia ; there being always a vacuity between the hinder extrem- 
ities of the pterygoids which displays the presphenoidal rostrum. 

Order IV. Ichthyopterygia. — The Mesozoic Ichthyosaurs and 
their allies were large marine Reptiles, with the body long, and 
shaped somewhat like that of the Cetacea (fig. 1023), without 



Fig. 10*3.— Gteatly reduced restoration of tbe slteieton of Ichthyosaurus communist iSHKQa 
ILower 1 ^ of Donetfhire. Tbe pelvic limb is relatively too large. (After Owen,y^ 


tbe 


either dermal or epidermal skeleton ; the limbs being modified into 
paddles, in which the component bones were in apposition on all 
sides, and the phalangeals were oval or polygonal, and increased 
beyond the normal number. The skull (fig. 1024) has the facial 
region produced into a long rostrum, mainly formed by the pre- 
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maxillae in the upper jaw ; and the nares are consequently approxi- 
mated to the orbit, which is of very large size, and has a ring of 
bony plates in the sclerotic ; there is a large parietal foramen ; and 
there are two temporal arcades connected together by the supra- 
temporal (prosquamosal or supraquadrate), which roofs over the 
infratemporal fossa, after the Labyrinthodont fashion. Other char- 



Fig. T024.— Reduced left lateral view of the skull of Ichtkvosaurus interniedius ; from the 
Lower Lias of Dorsetshire. Pmx, Premaxilla; Mx^ Maxilla; Nares; La, Lachrymal; 
Prf, Prefrontal ; Fr, Frontal ; Pa, Parietal ; Pt, Postfrontal ; St, Supratemporal ; Sq, Squa* 
raosal; Qj, Quadratojugal ; Qu, Quadrate; Jm, Jugal; Pt.O, Postorbital. (After Huxley.) 


acteristic features of the skull are the small frontals ; the presence 
of an opisthotic in the occipital region ; the distinctness of the post- 
orbital from the postfrontal, and of the lachrymal from the pre- 
frontal ; the firm fixture of the quadrate, which does not, however, 
suturally unite with the pterygoid ; and the presence of a foramen 
separating the middle portion of the quadratojugal from that bone, as 



Fiau 1025. — The centrum of an anterior dorsal vertebra oi !chtky9saurus, \\^tid in s^tion, 
and from the anterior and left lateral aspects; from the Kinieridge Clay of Wiltshire. Reduced. 
(AfttrOwen.) 

in the existing Rhynchocephalian genus Sphenodon^ and the presence 
of a columella, or epipterygoid. The palate has essentially the same 
structure as in the last-named genus. As in the Squamata, there is 
no lateral vacuity in the mandibular rami. The teeth are confined to 
the jaws, and are implanted in a continuous groove, without anchy- 
losis to the bone. Their crowns are sharply pointed, and are usually 
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cylindrical and deeply fluted (fig. 1032), but are occasionally com- 
pressed, carinated, and smooth (fig. 1028). The vertebral column 
is primarily divisible only into a precaudal and a caudal series, 
there being no sacrum. The centra (fig. 1025) are amphicoelous, 
more or less disk-like, and either deeply cupped or nearly flat. On 
either side those of the precaudal series (fig. 1025) carry a pair of 
tubercles for the articulation of the double-headed ribs; while in the 
caudal region these tubercles coalesce. Superiorly each centrum has a 
pair of flattened surfaces for the attachment of the neural arches, 
which are united merely by synchondrosis. In the cervical region 
the tubercles for the ribs are placed near the summit of the lateral 
surfaces of the centra, and they gradually descend on the centrum, 
till they reach the base of the lateral surface in the posterior pre- 
caudaT and caudal regions. In some forms the upper costal tubercle 
of the anterior vertebrae is placed either partly or entirely on the 
neuial arch, and it is convenient to term such vertebrae, or their 
homologues, cervicals, and the remainder of the precaudal series 
dorsals. The centrum of the atlas vertebra is well developed, and 



Fiff. ioa6. — A, Ventral aspect of the pectoral girdle and right limb of Ichthyosaurus inter- 
ntedius. B, Pelvic girdle of do. Reduced, a, IntercUvicTe ; Clavicle ; c. Scapula ; 
Coracoid ; e, Humerus ; ft Ulna ; gt Radius ; rV, Ilium ; ir, Ischium ; Pubis. (After 
Huxley.) 

there is a large intercentum between the atlas and the skull, and 
another between the former and the axis. There was no sternum ; 
but a complex system of abdominal ribs was developed. The 
dorsal ribs were devoid of uncinate processes ; and ribs occur in 
the caudal region. In the pectoral girdle (fig. 1026, A) there is 
no precoracoid ; but clavicles and a T-shaped interclavicle, like the 
corresponding bones of the Lacertilia, were developed. The cora- 
were toge and expanded, devoid of any fontanelle, and not 
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overlapping one another at their junction. The three bones of the 
pelvis (fig. 1026, b) are weak and rod-like; the ilia have no con- 
nection with the sacral region of the vertebral column ; and although 
the pubis and ischium of opposite sides meet in the middle line, 
those of the same side do not unite to enclose the obturator notch. 
The humerus and femur are relatively short ; but the radius and 
tibia are still shorter, and may be reduced to oblong bones in 
which the transverse diameter is the longer. 

The humerus has no foramen. The struc- 
ture of the paddles will be noticed under 
the head of the different genera ; but it may 
be observed that when there is a difference 
in the size of the limbs it is the pectoral 
that is the larger. From the less special- 
ised structure of the limbs of the earlier 
forms Dr Baur regards the Ichthyopterygia 
as descendants of land animals ; a conclu- 
sion which is supported by the argument 
that had these Reptiles originated directly 
from Fishes, as was formerly supposed to 
be the case, they would have retained their 
gills. In regarding this order as closely 
allied to Sphenodon^ Dr Baur lays stress 
upon the general similarity in the cranial 
structure, and especially the presence of 
the foramen between the quadrate and 
quadratojugal ; the identical structure of 
the abdominal ribs ; and the remarkable 
similarity of the pectoral girdle, which, this 
author remarks, is only comparable to that 
of the existing genus, especially when young. 

In the skull and vertebral column the Ich- 
thyopterygia retain evidences of their Laby- 
rinthodont descent, which are lost in the 
other orders of this branch. 

This order is known to range with cer- 
tainty from the Upper Trias to the Upper 
Chalk. It was also widely distributed in space ; its remains having 
been discovered in the Arctic regions, in Europe, India, Ceram, 
North America, the east coast of Africa, Australia, and New 
Zealand. Part of a jaw referred to Ichthyosaurus has been de- 
scribed from Malta, which, it has been suggested, may be of 
Miocene age, but this requires confirmation. 

It may be remarked that the humerus and femur of this order 
are quite unique in that, instead of having convex condyles for the 

f 



Fig. 1026 bis. — Proximal, 
dorsal, and distal aspects of 
the left humerus of IchthyO' 
saurus : from the Kimeridge 
Clay. One-third natural size. 
a. Trochanteric ndge ; r, Fa- 
cet for radius ; u, Do. for 
ulna. 
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cylindrical and deeply fluted (flg. 1032), but are occasionally com- 
pressed, carinated, and smooth (fig. 1028). The vertebral column 
is primarily divisible only into a precaudal and a caudal series, 
there being no sacrum. The centra (fig. 1025) are amphicoelous, 
more or less disk-like, and either deeply cupped or nearly flat. On 
either side those of the precaudal series (fig. 1025) carry a pair of 
tubercles for the articulation of the double-headed ribs; while in the 
caudal region these tubercles coalesce. Superiorly each centrum has a 
pair of flattened surfaces for the attachment of the neural arches, 
which are united merely by synchondrosis. In the cervical region 
the tubercles for the ribs are placed near the summit of the lateral 
surfaces of the centra, and they gradually descend on the centrum, 
till they reach the base of the lateral surface in the posterior pre- 
caudaT and caudal regions. In some forms the upper costal tubercle 
of the anterior vertebrae is placed either partly or entirely on the 
neuial arch, and it is convenient to term such vertebrae, or their 
homologues, cervicals, and the remainder of the precaudal series 
dorsals. The centrum of the atlas vertebra is well developed, and 



Fie. J036.— -A, Ventral aspect of the pectoral girdle and right limb of Ichthyosaurus inter- 
medius. B, Pelvic girdle of do. Reduced. «, InterclavicTe ; Clavii^Je ; c. Scapula ; d. 
Coracoid ; Humerus ; /, Ulna ; Radius ; iV, Ilium ; u, Ischium ; Pubis. (After 
Huxley.) 


there is a large intercentum between the atlas and the skull, and 
another between the former and the axis. There was no sternum ; 
but a complex system of abdominal ribs was developed. The 
dorsal ribs were devoid of uncinate processes ; and ribs occur in 
the caudal region. In the pectoral girdle (fig. 1026, a) there is 
no precoracoid ; but clavicles and a T-shaped interclavicle, like the 
corresponding tones of the Lacertilia, were developed. The cora- 
coids were large and expanded, devoid of any fontanelle, and not 
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overlapping one another at their junction. The three bones of the 
pelvis (fig. 1026, b) are weak and rod-like; the ilia have no con- 
nection with the sacral region of the vertebral column ; and although 
the pubis and ischium of opposite sides meet in the middle line, 
those of the same side do not unite to enclose the obturator notch. 
The humerus and femur are relatively short ; but the radius and 
tibia are still shorter, and may be reduced to oblong bones in 
which the transverse diameter is the longer. 

The humerus has no foramen. The struc- 
ture of the paddles will be noticed under 
the head of the different genera ; but it may 
be observed that when there is a difference 
in the size of the limbs it is the pectoral 
that is the larger. From the less special- 
ised structure of the limbs of the earlier 
forms Dr Baur regards the Ichthyopterygia 
as descendants of land animals ; a conclu- 
sion which is supported by the argument 
that had these Reptiles originated directly 
from Fishes, as was formerly supposed to 
be the case, they would have retained their 
gills. In regarding this order as closely 
allied to Sphenodon^ Dr Baur lays stress 
upon the general similarity in the cranial 
structure, and especially the presence of 
the foramen between the quadrate and 
quadrat ojugal ; the identical structure of 
the abdominal ribs ; and the remarkable 
similarity of the pectoral girdle, which, this 
author remarks, is only comparable to that 
of the existing genus, especially when young. 

In the skull and vertebral column the Ich- 
thyopterygia retain evidences of their Laby- 
rinthodont descent, which are lost in the 
other orders of this branch. 

This order is known to range with cer- 
tainty from the Upper Trias to the Upper 
Chalk. It was also widely distributed in space ; its remains having 
been discovered in the Arctic regions, in Europe, India, Ceram, 
North America, the east coast of Africa, Australia, and New 
Zealand. Part of a jaw referred to Ichthyosaurus has been de- 
scribed from Malta, which, it has been suggested, may be of 
Miocene age, but this requires confirmation. 

It may be remarked that the humerus and femur of this order 
are quite unique in that, instead of having convex condyles for the 



Fig. 1026 bis. — Proximal,^ 
dorsal, and distal aspects of 
the left humerus of Ichthyo- 
saurus; from the Kimendge 
Clay. One-third natural size. 
«, Trochanteric ndge ; r, Fa- 
cet for radius ; «, Do. for 
ulna. 
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articulation of the epipodial bones, they present distinct concavities 
(fig. 1026 bis) for their reception. 

Family IcHTHVOSAURiDiE. — Although Dr Baur makes the genera 
Mixosaurus, Ichthyosaurus ^ and Opthalmosaurus the types of as 
many families, yet it seems on the whole more convenient to 
include all the known forms in a single family. The most general- 
ised group with which we are at present acquainted is the genus 
Mixosaurus^ from the Upper Trias of Italy, which is founded upon 
a small species presenting the following characters. The humerus 
and femur articulate distally with two bones ; and the radius and 
ulna are elongated, and separated from one another by an interval 
throughout their entire length. The teeth are small, and not ex- 
cessively numerous. It may eventually prove that all the Triassic 
forms are referable to this genus. The type 
genus Ichthyosaurus is characterised by the usual 
presence of teeth throughout the jaws ; and by 
the normal articulation of the humerus with only 
the short radius and ulna, which are in close ap- 
position (fig. 1027). In the pelvic limb the 
femur similarly articulates only with the tibia 
and fibula at its distal extremity ; and thus this 
extremity in both the humerus and femur has only 
two articular facets (fig, 1026 bis). The bone 
which articulates inferiorly with the radius and 
ulna at their junction is the intermedium (fig. 
1027, /) ; while the one filling up the angle be- 
tween the latter and the radius is the radiale ; 
the opposite angle being occupied by the ulnare. 
Below the intermedium we have the centrale, 
which in the more specialised forms may be 
double (fig. 1031), and below this the remain- 
ing carpals, metacarpals, and phalangeals, which 
are combined to form a pavement-like s^tructure. 
The bones forming the continuation of the line 
of the intermedium in fig. 1027 correspond to 
the middle or third digit of the typical manus ; 
and the structure of this limb indicates that it 
was derived from a four-fingered ancestor, since the pollex, or first 
digit, is not represented. 

Specimens have been obtained from the Lias of Wurtemberg and 
Barrow-on- Soar, in Leicestershire, which show the contour of the in- 
teguments of the paddles. It appears from these that on the anterior 
border of the paddle (fig. 1027 to) there was a comparatively narrow 
band of integument, which was covered by minute horny scales ; while 
on the posterior border there was a much broader flap, which appears 



oo 


Fig. 1027. — PoriwiI 
aspect if the left pec- 
toral limb of Ichthyo- 
saurus lattfrons ; from 
the Lower Lias. Re- 
duced. A, Humerus ; 
r, Radius; «, Ulna; <, 
Intermedium. (After 
Owen.) 
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to have contained parallel bands of muscles set obliquely to the axis of 
the paddle. In the Latipinnate group (fig. loiy bis) the posterior flap 
of integument was narrow in proportion to the bony framework of the 
paddle, and it was produced inferiorly into a long point below the distal 
bones. In the Longipinnate group, however, the integuments were much 
wider in proportion to the bones, and they terminated inferiorly in a 
blunt extremity, which only reached a short distance below the distal 
bones. 

The larger forms attained a length of from thirty to forty feet ; and it 
is thought probable that the extremity of the tail was provided with a 
membranous fin. All the species were carnivorous ; and, as we learn 


Fig. 1027 bis — Part of the left pectoral limb of Ichthyosaurus intermedins, viewed from 
the ventral aspect, and showing the contour of the integument. One*half natural size, hu, Hu- 
merus ; r, Radius; «, Ulna; P, Kadiale; f, Intermedium; u\ Ulnarc; Cyd, Centralia. From 
the Lower Lias of Barrow -on -Soar. 


from the so-called coprolites, their food consisted to a considerable ex- 
tent of Ganoid Fishes. These coprolites further tell us that the intestine 
was provided with a spiral valve, as in the Selachian fishes. Perhaps, 
however, the most remarkable circumstance connected with their internal 
economy is the not unfrequent occurrence of entire skeletons of small 
individuals within the thoracic and abdominal cavity of larger ones ; 
these small specimens being invariably uninjured, and belonging to the 
same species as the one in which they are contained. This leads Pro- 
fessor Seeley to conclude that some species or individuals were vivi- 
parous, and that the young were probably produced of different relative 
bulk in different species. There is also evidence to show that in some 
cases many young were produced at a birth ; the number being perhaps 
a si>ecific character. It cannot, however, be taken as proved that all 
Ichthyosaurs were viviparous, since in such other Sauropsida and Ich- 
thyopsida in which the same mode of development occurs, it is not dis- 
tinctive of any entire group ; and it is notewortny that the three specimens 
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with young figured by Professor Seeley all belong to a single species. 
This genus may be divided into two groups from the structure of the 
pectoral limb. In the Lonppinnate^ or lei^t specialised group, which is 
unknown above the Lias, the orbit is generally of very large dimensions. 
The pectoral limb (fig. 1027) is characterised by having the third digit, 
or that arising from the intermedium, comprising Only a single lon^- 
tudinal row of bones, and consequently having only one centrale ; while 
there are usually only four longitudinal rows of phalangeals in this limb, 
and the radius is nearly square, with a distinct notch in its anterior 
border (fig. 1027). This group may be further subdivided into minor 
groups. One of the most aberrant forms is the huge I. platyodon^ of the 



Fig. 1028. — Lateral and profile views of a 
tooth of Ichthyosaurus ^latyodon ; from the 
Lower Lias of Dorsetshire. 


latter species having no anterior 


Lower Lias, which attained a length 
of nearly forty feet. This species is 
characterised by the pelvic paddles 
being nearly as large as the pectoral ; 
but still more readily by the teeth 
(fig. 1028), which have compressed, 
carinated, and smooth crowns, and 
the roots covered with a coating of 
cement. L lonchiodon is an allied 
Lower Liassic form with cylindrical 
and fluted teeth. Another type is 
indicated by I, tenidrostris and /. 
latifrons {/ongirosirts), in which the 
cranial rostrum (fig. 1029) is greatly 
elongated and very slender. The 
paddles (fig. 1027) are remarkable 
for the large size of the component 
bones ; and in /. tenuirostris there is 
a small circular vacuity between the 
radius and ulna, indicating the last 
remnant of the large vacuity found 
in Mixosaurus. Lastly, /. acutiros- 
triSy L zetlandicus^ and I. integer 
are three Upper Liassic members of 
this group indicating a transition to 
the next group ; the radius of the 
otch. The skull of I. zetlandicus is 


shown in fig. 1030. 

In the more specialised or Latipinnate group, which ranges from the 



Lias to the Chalk, the orbit is usually relatively smaller than in the last 
Vroup. The pectoral linib (fig. 1031) has the third digit, or that arising 
from the intermedium, with a double longitudinal row of bones, and there 
are consequently two ccntralia. There are, moreover, never less than 
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five longi^dmal rows of phalan^eals in this limb (the marginal rows are 
wanting ift fig. 1031) ; and the radius is transversely elongated (and thus 
very Widely removed fitom the normal type) with an entire anterior 
border? It is important to observe that m this group the splitting of 
the third digit and the two centralia are evidently acquired, and not 
inherited qharac|ei^» Like the last, this group may be divided into 
subgroups, tn the typical subgroup, which is confined to the Lias, 
the teem 1032) have their roots strongly fluted, and the dorsal 
aspeqt of the humerus has no strongly-marked trochanteric ridge. /. 



Fig. 1030. — Superior and right lateral aspects of the skull of Ichthyosaurus zetlandtcus ; from 
the Upper Lias of Caen. Reduced. Pmx^ Preinaxilla; Maxilla; Nares; Na^ Nasal , 
Z4*, Lachrymal; Prefrontal ; Fr. Frontal; /’<*, Parietal . Postfrontal ; 6^7, Squamosal ; 
St^ Supratemporal ; Por^ Postorbital; QuJ^ Quadratojugal ; y, Jugal; Orbit; S. Supra* 
temjporal fossa; Scly Sclerotic plates; Mdy Mandible; 4 r, Articular; angy Angular. oPy Splenial . 
dy Dentary. (After Zittel.) 


intemtedius is the species least widely removed from the preceding 
group ; while the typical /. communis is distinguished by the extreme 
width of the paddles. In a second subgroup, which ranges from the 
Oxford Clay to the Chalk, the roots of the teeth are invested with a 
thick layer of cement ; the dorsal aspect of the humerus has a pro- 
minent trochanteric ridge ; and the coracoid differs from that of the 
preceding subgroup (fig. 1026) by the absence of a posterior notch. This 
subgroup comprises /. trigonus, and probably other allied forms from 
the Oxford and Kimeridge Clays ; and also the well-known /. campy lo- 
don^ from the Upper Cretaceous of a large portion of Europe, to which 
/. indicus^ from the corresponding strata of India, and perhaps also /. 
australis^ from the Cretaceous of Australia, are probably closely allied. 
The former is in some respects even more specialised than the follow- 
ing genera. The species referred to this genus from the Polar regions 
are considered to be of Triassic age ; and a species from Ceram may 
be from Cretaceous beds. The genus is unknown in America. 

The most specialised representatives of the family are the genera 
Opthalmosaurus, from the Oxfor4 and Kimeridgb Clay and probably 
also the Cretaceous of England, and Baptanodon {Sauranodon)^ 
from the Upper Jurassic of North America. In the latter teeth, 
and even a dental groove, were totally wanting, but in the former 
small teeth were present. In the former (and probably also the 
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latter) the humerus (fig. 1033) and femur have a prominent troch- 
anteric ridge, and in both they articulate distally with three distinct 
bones (figs. io33-34)j which in the pectoral limb are correlated 



Fig. xo3X.—Vcntr^d aspect of the right jfwctoral limb (wanting the marginal rows) of Ichthyo- 
saurus iiUernudim\ from the Lower Lias of Gloucestershire. Reduced. Radius; 
Ulna ; Radiale ; Intermedium ; Ulnarc ; <ri, ca, Centralia. (Afwr Hawkins and 

Hulkc.) 

by Dr Baur with the radius, ulna, and pisiform ; the correspond- 
ing bones in the pelvic limb (fig. 1034) being the tibia, fibula, and 
the homologue of the pisiform. The clavicles differ from those of 
Ichthyosaurus in being separate. Both limbs appear to have been 
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of great width, and the third digit, or the one arising from the 
intermedium, at least in the American genus, 
consists of two longitudinal rows of bones. 

The type species of Opthalmosaurus was of 
moderate size, and occurs in the Oxford and 
Kimeridge Clays ; it is characterised by the 
inequality in the size of the three distal facets 
of the humerus. In O, cantabrigiensis^ of the 
Cambridge Greensand, which may belong to 
Baptanodon^ these three facets have, however, 
become nearly equal in size; and this form 
seems therefore to indicate the highest evolu- 
tion of the order. It should be mentioned 
that Professor Marsh and Mr Hulke differ from 
Dr Baur in their interpretation of the three 
bones of the second segment of the limb of 
this genus ; correlating the middle bone with 
the intermedium, and the postaxial one with 
the ulna in the pectoral, and the fibula in the 
pelvic limb. Finally, it should be observed ick^yomur^^c^i^un- 
that a femur, from the Cambridge Greensand, 
described under the name of Ceiartkrosaurus^ 
and regarded as belonging to a member of the present order, but 
which has been referred by Mr Hulke to the suborder Pythono- 



Fig. X033. — Dorsal aspect of part of the right pectoral limb of Opthalmosaun^ icentcus, ffom^ 
the Oxford Clay. One<tnird natural size. Trochanteric ndgc of do. ; r, Kadius , 

Ulna ; Pisiform. 
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of the Squamata, appears to approximate in structure to 
the femur of Ichthyosaurus campylodon, and may therefore really 
belong to this order. 

Order V. Proterosauria. — ^The genus Proterosaurus^ from the 
Middle Permian of Thuringia, is regarded by Professor Seeley as 
presenting such peculiar features that it is entitled to ordinal dis- 
tinction, although Dr Baur would include it in the Rhynchocephalia. 

The skull is very imperfectly 
known, and although Professor 
Seeley has attempted its restora- 
tion, Professor Credner points 
out that the specimens scarcely 
justify the figure. There is some 
doubt as to the mode of attach- 
ment of the teeth to the jaws, 
but they appear to have been 
anchylosed to the bone, with 
cavities beneath them, and were 
not, as has been supposed, 
implanted in distinct alveoli. 
Teeth also occur on the pala- 
tine, pterygoid, and vomer; and 
Professor Seeley considers that 
the palate was closed. The 
dorsal vertebrae are amphicoel- 
ous, and have no intercentra; 
but the cervicals appear to have 
been opisthocoelous, and are re- 
markable for their length. There 
were intercentra in the anterior 
cervical region. In all the ver- 
tebrae the arches were anchylosed 
to the centra ; while hi the dor- 

Kig, 1034. — Dorsftl aspect of the left pelvic 1 ^ i 1 

limb of BaHanodm natam; from the Upper salS the COStal artlCUlatlOn IS 

“"'usually high. The 
pisiform of the /,Tibia|e; r (left *1^), posterior caudal vertebrae have 

Intermedium; c (ngnt side), h ibttlare ; A Un- j. .j , , . a j 

determined bone. The two bones beneath the divided neurai SpineS. Audom- 

iS-TSSikl) inal ribs were fully developed 



of the Rhynchoccfphalian type. 


inal ribs were fully developed 
(fig. 1035), and were apparently 
It has been suggested that the 


ilium may have had a preacetabular production ; but the pectoral 
girdle seems to have been of the Rhynchocephalian type, the 
clavicles and interclavicle, according to Dr Credner, closely resem- 
bling those of Sphtnodon, 

According to Dr Baur there are two centralia in the carpus ; 
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while Professor Seeley describes a centrale (navicular) in the tanwis? 
The pectoral limb is considerably shorter than the pelvic (left side 
of fig. 1035); ^nd while both have five digits, neither presents any 
very strongly marked divergence from the Rhynchocephalian plan 
of structure. In the type species there were the normal two sacral 
vertebrae ; but according to Professor Seeley, P. Linki differs from 
all other known members of this branch in having three sacrals. 
It is highly probable that Proterosaurus should be regarded as a 





Fig. 1035. — Part of the trunk pectoral limb of Proterosaurus 
f>eneri; ' • 

eyer.) 


S^nerij from the Permian of Thuringia. Reduced, (After \on 


bpecialise(i Rhynchocephalian. The imperfectly- 
known genus Haptodus^ from the Permian of 
France, may not improbably indicate a Reptile 
more or less nearly allied to Proterosaurus^ 
although on the other hand its affinities may be 
with the Rhynchocephalian PalcBohatteria, 

Order VI. Rhynchocephalia. — This order 
is represented at the present day solely by the 
remarkable genus Sphenodon {Hatteria), and may 
be provisionally characterised as follows : The 
external appearance is usually more or less lizard-like. In the skull 
the quadrate is immovably fixed by its proximal extremity, and 
unites by suture with the pterygoid ; an inferior temporal arcade 
is present (fig. 1039); the postorbital, at least in Sphenodon^ is 
quite distinct from the postfrontal ; the palate is closed anteriorly 
by the median union of the pterygoids, which, in the living form 
at least, extend forwards to meet the vomers, and thus separate the 
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palatines ; ^ and the premaxillse never united. The dentition is 
usually acrodont. The ribs may have uncinate processes, and ab- 
dominal ribs are always developed. The vertebrae may be either 
opisthocoelous or amphicoelous, and intercentra may be retained. 

Dr Baur observes that “ the Rhynchocephalia, together with the 
Proterosauria, to which they are closely allied, are certainly the 
most generalised group of all Reptiles, and come nearest, in many 
respects, to that order of Reptiles from which all others took their 
origin.” 

This^order, if we include PalcBohatteriay dates from the Permian, 
but only comparatively few forms are at present known. It may 
be provisionally divided into three suborders. 

Fajiily PALiEOHATTERiiD^. — The genus Palaohatteria^ of the 
Permian of Germany, is regarded by Professor Credner, its describer, 
as so closely allied to the existing Sphenodon that it is referred by 
him to the same family. There can, however, be no question but 
that it is entitled to be the representative of a distinct family, and 
probably of a distinct suborder. Dr Baur, with whom Professor 
Cope is in accord, would even go farther, and remove this genus 
altogether from the Rhynchocephalia, to place it with Mesosaurus 
in his order Proganosauria. There is, indeed, much to be said in 
favour of placing both these primitive Reptiles in a single group ; 
but this appears to be outweighed by the resemblance of the one to 
the true Sauropterygians and of the other to the Rhynchocephalians. 

The skull much resembles that of Sphenodon^ the jugal dividing 
posteriorly to join the two temporal arcades; but the supra- and 
infratemporal fossae are much smaller, while there is a separate 
lachrymal, and the premaxillae do not form a beak. Teeth occur 
not only on the palatines, but also on the vomer and pterygoids, as 
in the young of Sphenodon ; and Dr Baur suggests that there was 
a parasphenoid. There are intercentra between all the vertebras, 
in which the neural arches remain distinct from the centra ; there 
are also two sacral vertebrae ; and the ribs have no unrinate pro- 
cesses. The teeth of the jaws were acrodont, and anchylosed to 
the bone. The pectoral girdle presents an approximation, in the 
form of the clavicles and interclavicle, to that of Sphenodon ; but 
the expanded proximal extremities of the clavicles recall the lateral 
thoracic plates of the Labyrinthodonts, and the coracoid is more 
like that of the Sauropterygians. This bone, indeed, like the bones 
of the pelvic girdle,- ossifies by radiations from the centre after the 
manner obtaining in Sauropterygians and Amphibians. The pelvic 
girdle is widely different from that of Sphenodon ; the pubes and 
ischia forming wide flattened plates like those of the Sauropterygian 

^ The same arrangement obtains in the skull of NothosauruSf represented in 

fig. 991. 
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genus Mesosaurusy and the ischia being almost identical with those 
of the Amphibia. The tarsus also resembles that of Mesosaurus in 
having five distinct bones in the distal row ; while the humerus (as 
in the latter) has an entepicondylar, or ulnar, foramen. 

That Pakeohatteria is a primitive type connecting the later Rhyn- 
chocephalia with the Amphibia there can be no reasonable doubt ; 
and although it presents many points of affinity with Mesosaurus, 
these resemblances are those which we should expect to find in all 
transitional types, and do not necessarily imply that all the forms in 
which they occur should be placed in the same group. 

Suborder i. SiMiEDOSAURiA. — This group is represented by the 
genus Chatnpsosaurus, typically from the Lower Eocene of North 
America, which may be regarded as a somewhat specialised Rhyn- 
chocephalian, showing a remarkable affinity, in the general stfucture 
of its skull and vertebral column, to Hyperodapedon. Dr Baur ob- 
serves that this genus agrees with the other Rhynchocephalia in the 
loose condition of the otic bones, and in the nature of the costal 
articulations ; and since it has a fixed quadrate, two temporal ar- 
cades, and abdominal ribs, there appears no good reason for its 
ordinal separation. The adaptation to an aquatic life has, however, 
necessarily produced considerable structural modifications of secon- 
dary import. The correctness of these observations has been re- 
markably shown by the researches of M. Dollo, who finds that the 
structure of the palate, and the position of the posterior nares, and 
the general arrangement of the teeth, closely accords with that 
obtaining in Hyperodapedon, The suborder may be characterised 
as follows : The facial portion of the skull is produced into a long 
rostrum ; the splenial bone enters into the mandibular symphysis ; 
the tail and pelvic limbs are elongated ; the vertebrae are amphi- 
coelous ; and the ribs have no uncinate processes. 

Family Champsosaurid^. — In the type and only known family 
the nares are single and subterminal ; the maxillary and anterior 
mandibular teeth are large and not fixed to the bone ; there is a 
series of smaller teeth on the palatines and vomers, separated by a 
groove from those of the maxilla ; while there is also an irregular 
mass of small teeth on the pterygoids, which are completely united 
in the middle line ; the posterior nares form very narrow slits on 
the sides of the palate ; and there is no parietal foramen. There 
are some twenty-five presacral vertebrae, and the neuro-central suture 
is persistent. Remains referred to Champsosaurus have been found 
not only in the Lower Eocene of North America, but also in the 
corresponding horizon of Belgium and Rheims ; the latter specimens 
having been described under the name of SinKsdosaurus, One of 
the specimens from Rheims indicates an animal of about nine feet 
in length, but other examples appear to have been of considerably 
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larger dimeosioiis. The Siifisedosauria may perhaps be regarded as 
an o&hoot a stodc rekted^o Hyperodapedon, 

$trBORn^R%. Sphenojdontina,-— T his group is characterised by 
the shortr more or less triangular skull, in which the premaxillae 
are produced into a distinct beak ; by the longitudinal series of 
palatine laieth, separated by a groove (into which the hinder mandi- 
bukr teeth are received) from those of the maxilla (fig. 1037) ; and 
by the presence of un^nate processes to the rfbs. 

Family Rhynchosauaid-®. — This is the most specialised family, 
and as jbeing most nearly related to Chafnpsosaurus^ may be noticed 
first, ^e nates are single ; there are no teeth either in the beak 
br in the opposing part of the mandible, which were probably cased 
in horn \ there may be more than a single row of palatine teeth ; 
and the presacral vertebrae may be more or less opisthocoelous. 



Fig, 10^6, — Left lateral view of the skull of Hy^ercdapedon Gordont^ as restored bv Professor 
Huxley , from the Tnas of Elgin. Reduced. Or^ Orbit , Infratemporal l^sba. 

The most specialised genus Hyperodapedon was originally made 
known to us by some very imperfect specimens from the Keuper 
or Upper Trias of Elgin and Warwickshire ; but the subsequent 
discovery of a nearly entire skeleton in the former locality has 
enabled Professor Huxley to illustrate its full affinities. Remains 
referred to the same genus also occur in the Maleri stage of the 
Gondwana system of Central India. The European species iJttained 
a length of from six to seven feet, but the Indian form must have 
been nearly or quite double these dimensions. The skull (fig. 1036) 
is remarkable for its depressed and triangular form, in which it re- 
sembles that of the Chelonian family Chelydridce ; and also for the 
upward direction of the small orbits ; the reduced size of the infra- 
temporal fossae ; the strpngly-curved and thick premaxillary beak ; 
th^ diverging ckwlflce processes of the mandibular .symphysis ; and 
the absence of a parietal foramen. Professor Huxley considered that 
the forked extremities of the mandibular symphysis embraced the 
premaxillary beak» as is shown in the figure ; but later observations 
indicate that they were received in a pit beneath the beak, which Pro- 
fessor Huxley r^rded as containing the apertures of tlxe posterior 



ORDER RHTlfCHOCEPHIlLU* H ^ C 

nares. The latt^ probably really formed very small slits on the sides 
of the palate, as in Champsosaurus^ dnd opened betwe®- the rows of 
maxillfliy and palatine teeth. By far the most reman^ble feature 
is, however, to be found in the upper den- 
tition. On the palatal surface Qf the pecu- 
liar triangular compound bone (fig. 1037), 
which may be conveniently termed the 
palato-maxilla, althou^n anteriorly it prob- 
ably includes the vomer, and posteriorly 
part of the pterygoid, there are, on the 
outer or maxillary side, several rows of 
low pyr^idal teeth ; then comes the 
groove for the reception of the edge of 
the mandible, on the inner side of which 
tfiere are two or more rows of similar teeth 
borne bj^the palatine and vomer, and prob- 
ably also by the pterygoid. And it is in- 
teresting to notice that while in the type 
species the larger number of rows of teeth 
occurs on the palatine and vomer, the re- 
verse condition obtains in the Indian form 
(fig. 1037). In the type species there 
appears to be no foramen to the humerus, righf 
and the presacral vertebrae are slightly 
opisthocoelous ; it is, however, not improb- Medhcott and Blanford.) 
able that the vertebrae of the Indian form 

were amphicoelous. The extremely solid structure of the palato- 
maxilla causes this part to be the most frequently preserved ; and 
these bones are very common in the Indian Gondwanas. 

Professor Huxley observes that it is \ery interesting to note that this 
suborder had attained its greatest degree of specialisation as early as the 
Trias ; Hyperodapedon being in all 
respects a more modified form than 
Sphenodon, It appears therefore to be 
robable that in the Pennian, or per- 
aps still earlier, there must have ex- 
isted Lizards differing less from the 
existing genus than either Hyperoda- 
pedon or Rhynchosaurus, 

Fig. 1038.— Right lateral aspect of the 

In the typical genus Rhynchosau- 
rus^ from the English Keuper, of (After Owen.) 
which the type skull is represented 

in fig. 1038, there is but a single row of palatine teeth ; the orbit 
is large and lateral \ the infratemporal fossa of considerable size ; 
and the premaxillary beak long and slender, its form being not 




1037. — Oral surface 
paIato<maxilia of h 
iUm Huxleyi ; from tl 
tage of Central India. 
Iicott and Blanford.) 
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correctly shown in the figure of the type skull The single de- 
scribed species indicates an animal about three feet in length. 
This genus serves in some respects to connect Hyperodapedon with 
Sphemdon. 

Family SpHENODONTiDiE. — The least specialised family of this 
suborder is solely known by the existing New Zealand genus 
SpAenodon {Hatt€ria\ of which the cranium is shown in fig. 1039. 
According to Professor Huxley's definition, this genus is character- 
ised by the divided nares ; the presence of a single tooth on either 

side of the premaxillary 
beak, which was not 
sheathed in horn ; by 
the single row of pal- 
atine teeth ; and the 
amphicoelous vertebrae. 
In the palate the ptery- 
goids unite anteriorly 
with the vomer to 
exclude the palatines 
from the median line. 
Additional distinctive 
features are found in the presence of intercentra between all the 
vertebrae ; in the large size and the lateral position of the orbits ; 
the well-developed parietal foramen ; and the large size of the supra- 
and infratemporal fossae (fig. 1039). The humerus is remarkable 
as having both an entepicondylar and an ectepicondylar foramen. 

The Tuataras, as these lizards are called by the Maories, are medium- 
sized reptiles of extreme rarity, and with nocturnal habits. The alveolar 
border of the dentary bone of the mandible is received in the groove 
between the palatine and maxillary teeth, and in old individuals becomes 
as hard and polished as the teeth themselves, of which it eventually dis- 
charges the functions. 

Suborder 3. HoMiEOSAURiA. — This group includes several 
genera of Mesozoic Reptiles, in which the premaxillse did not 
apparently form a beak, and the ribs w^ere devoid of uncinate 
processes. The dentition is acrodont ; but the nature of the 
palatal dentition is unknown. The vertebrae are amphicoelous, 
and Dr Baur considers that intercentra were present. 

Family HoMAKOSAURiDiE. — ^The type family is definitely known 
from the Kimeridgian Lithographic slates of the Continent, and is 
characterised as follows. The body is shaped like that of ordinary 
Lizards ; the skidl is comparatively broad and short, with oval nares, 
and a complete postorbitd bar ; there are no tusk-like teeth in the 
prcmaadU® or mandible ; and the pes is of normal structure. The 
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Kimeridgian genera are 'Hbmaosaurus^ Ardeosaurus, and Sapheo- 
saurus ; all of which are represented by species of small or medium 
size. The imperfectly known Aphelosaurus, from the Permian of 
France, was regarded by the late Professor Gervais as allied, but it 
may indicate a distinct family, which does not belong to this group ; 
the number of phalangeals is the same as in existing Lizards. 

• Family PLEUROSAURiDiE. — This family is typically represented 
by Pleurosaurus^ of the Kimeridgian of Bavaria, which is a medium- 
sized Lizard characterised by the extreme elongation of the body 
(in which there are a great number of presacral vertebrae), and the 
long narrow skull, with slit-like nares. Anguisaurus and Aero- 
saurus^ of the same deposits, belong to this family; but it does 
not appear certain that they are really distinct from thg type 
genus. 

Family Telerpetid^e. — The small Tderpeton^ of the Upper 
Trias of Elgin, differs from the HomcBosauridcE by the presence 
of tusk-like teeth at the extremities of both jaws, and the reduction 
in the number of the phalangeals of the fifth digit of the pes to 
two ; in addition to w^hich Professor Huxley considers that the skull 
had no postorbital bar. The one species is of small size ; and 
although the genus agrees with the HonitBosauridm in its acrodont 
dentition, its serial position must be regarded as provisional. 
Saurosternuniy from the Karoo system of South Africa, is not im- 
probably an allied genus ; although it has been referred by Sir R. 
Owen to the Amphibian Labyrinthodonts under the name of 
Batrachosaurus, 

Finally, it should be mentioned that Professor Cope includes in 
the present order the genera Typothorax and Aetosaurus^ which are 
here provisionally placed, on the authority of Dr Baur, among the 
Crocodilia. 

Order VII. Squamata. — With this order we come to the con- 
sideration of the one represented most numerously at the present 
day, and containing the true Lizards, the Chamaeleons, the extinct 
Mosasaurians, and the Serpents. In this order the body may be 
either short, with well-developed limbs and distinct tail (lacerti- 
form) ; or it may be extremely elongated, without any external trace 
of limbs, and passing gradually into the tail. As a rule, the whole 
body and limbs are covered with overlapping homy scales; and 
these may be underlain by an armour of bony dermal scutes. The 
limbs may be adapted either for walking on land, or modified into 
paddles for swimming. In the skull the proximal end of the quad- 
rate is more or less movably articulated ; the lower temporal arcade 
is wanting ; the postorbital is generally fused with the postfrontal ; 
the palate is more or less open, the pterygoids being nearly always 
separated by an interval from one another ; and the premaxillse are 
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frequently united. The vertebrae are generally procoelous, although 
rarely amphiccelous ; their neurocentral suture is always obliterated ; 
zygosphenal articulations may or may not be present; and inter- 
centra are always wanting. The dorsal ribs never have uncinate 
processes ; and true abdominal ribs are 
likewise never developed. The carpus 
has but a single centrale ; and the pre- 
coracoidal process (fig, 1040) is often well 
marked. 

Three of the groups here regarded as 
suborders of the Squamata are frequently 
ranked as distinct orders, but their mutual 
relations are so close that it appears to 
harmonise better with the classification, 
adopted in other branches of the class, to 
include the whole of them in a single 
order. The Squamata may be regarded 
as occupying a position among Reptiles 
somewhat similar to that held by the 
Teleostei among Fishes, and the Passeres 
among Birds. That is to say, they are 
essentially typical Reptiles, which have 
attained to a considerable degree of specialisation ; and while they 
have lost, on the one hand, all signs of kinship with the Amphibians, 
they exhibit, on the other, no traces of especial relationship with the 
Birds. That this order has originated from the Rhynchocephalia 
there seems but little doubt ; but we are very much in the dark as 
to when or how the divergence took place. 

Suborder i. Lacertilia. — In the true Lizards the four limbs 
are usually well developed (fig. 1041) but in some cases one or both 
pairs are wanting. The ali- and orbitosphenoidal regions of the 
skull are imperfectly ossified ; the superior temporal arcade is 
generally present ; the quadrate articulates with the pterygoid ; 
5 ie nasals form a part of the narial aperture ; and the rami of the 
mandible unite by suture. The vertebrae are in some instances 
amphiccelous ; they usually have no zygosphenes, and the number 
in the cervical region does not exceed nine. When limbs are 
present the pectoral girdle is complete ; and the terminal phalan- 
geals of the feet ate clawed. Dermal scutes ate sometimes present ; 
and these may be developed on the upper surface of the skull, so 
as to roof over the supratemporal fossae. Existing Lizards are 
divided into twenty families, but only those will be noticed which 
occur in the fossil state. 

We may commence our notice with a few Mesozoic forms, of 
which the femily position is not yet determined. The earliest 



Fig. 1040. — Part of the left 
pectoral girdle of Iguana, s, 
Scapula ; m.sCf Mesoscapula ; 
Cfir, Coracoid ; Prccora- 

coid; m.cor, Mesocoracoid ;ybr, 
Foramen ; gly Glenoid cavity. 
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known form appears to be Macellodus (with which Saurillus is 
either identical or very closely allied), from the English Purbeck ; 
a small Lizard with pleurodont dentition, dermal scutes, and pro- 
ccelous vertebrae. Adriosaurus is a larger form from the Lower Green- 
sand of Austria, also having dermal scutes and procoelous vertebrae, 
but of which the dentition is unknown. An allied Continental 
Mesozoic form has received the name of Hydrosaurus, which is, 
however, a synonym of Varanus, In the Cambridge Greensand 
an imperfect femur and a vertebra indicate a Lizard of the size of 
some of the existing Monitors, but of which the affinity cannot even 



Fig. 1041 — The common Skink (Sctncus officinalis). Reduced. 


be conjectured. In the English Chalk occur the imperfectly known 
genera Coniasaurus and Raphiosaurus ; the former having expanded, 
and the latter acute teeth. 

Here also may be mentioned several genera from the Tertiaries 
of North America, of which the family position cannot yet be de> 
termined. The Eocene forms have been named Tinosaurus and 
Thinosaurus, and those from the Miocene Aciprion^ Platyrhachis^ 
and Cremastosaurus, Notosaurus, from the Tertiary of Brazil, has 
amphicoelous vertebrae, and may be a Rhynchocephalian. 

Family AcAMiDi®. — The Agamoid Lizards constitute a large 
family, mainly characteristic of Asia, but also occurring in Europe, 
Africa, Australia, and Polynesia. The supratemporal fossa is not 
roofed over; the dentiti^pn is acrodont; and the premaxillae are 
separate. Specimens referred to the type genus Agama have been 
obtained from the Upper Eocene Phosphorites of Central France ; 
while the Pleistocene of Australia has yielded a skull indistinguish- 



1140 


CLASS REPTILIA, 


able from that of the existing Frilled Lizard {Chlamydosaurus J^ingi) 
of the same country. 

Family louANiDi®. — The Iguanoids are readily distinguished from 

the Agamid(E by their 
pleurodont dentition 
(fig. 1042), and the 
presence of zygosphen- 
al articulations to their 
vertebrae (fig. 1043). 

Fig. Z043 — Inner view of left ramus of the mandible of Nearly all the genera 

/gwaiw. are now confined to 

the New World. In the Upper Eocene (Oligocene) Phosphorites of 
Central France there occur, however, fragments of jaws which have 

been referred to the typical American 
genus Iguana; that term being used 
in a wider sense than in recent herpet- 
ology. Vertebrae also occur in the 
approximately equivalent deposits of 
Fig. 1043. Vertebra of ig^na Hordwcll in Hampshire (of which one 

eurojtata. viewed from the hasmal, an* . ^ j • i- \ i • » 

tcrior, and lateral aspect^, represented m fig. 1043), which agree 

in the presence of small zygosphenes 
with those of existing Iguanas, and 
have been provisionally referred to the French species. The name 
Iguanavus has been applied to remains of a member of this family 
from the Eocene of North America. 

Family Anguidas. — The Anguidie are characterised by the pres- 
ence of scutes roofing over the supratemporal fossae ; by the separa- 
tion of the premaxillae and the nasals ; the more or less completely 
pleurodont dentition; and the presence of dermal scutes covered 
with minute tubercles. The genus Ophisaurus {Fseudopus\ in which 
the limbs are either wanting or are reduced to rudiments of the pelvic 
pair, is represented in the Middle Miocene of Gers, in France, and 
the Lower Miocene of Rott, near Bonn ; some of the species^ having 
been originally described under the name of Anguis. FropseudopuSy 
from the Middle Miocene of Steinheim, in Bavaria, is distinguished 
from Ophisaurus by its stronger dentition and the presence of a 
double row of teeth on the vomer. The genus Feltosaurus and the 
allied ExostinuSy of the Miocene of North America, may be included 
in this family ; to which we may also refer several European and 
American Upper Eocene genera which have been regarded as con- 
stituting a distinct family under the names of Placosaurida and 
Olyptasauridm. Among these Placosaurus (Paiaovaranus)^ from 
the Upper Eocene of France and England, has teeth resembling 
those of the Slow-worm (Anguis), which were originally regarded as 
belonging to a Varanoid ; the vertebras (fig. 1044) are not unlike 
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those of the existing Diploglossus^ and the limbs were well de- 
veloped. Another Anguoid, with blunt cylindrical teeth, from the 
Quercy Phosphorites, was originally referred to the Scincoid genus 
Eumeces {Flestiodon\ but its generic position must for the present 
remain undecided. In North 
America we have Glyptosau- /I 

rus, from the Bridger Eocene JL / ^ 

of Wyoming, in which the 
vertebrae have rudimental 
zygosphenes; the large Sa~ g 

HtVd^ of which the dermal Fig. 1044.— Vencbra oi Placosaurus marzartH- 
scutes are unknown ; and viewed from the haemal, anterior, and lateral 
. , 11. , aspects; from the Upper Eocene Phosphorites of 

the apparently allied Xestops Central France, c, Costal tubercle. 

{Oreosaurus). The vertebrae * 

of these genera, like those of existing Anguida^ present a strong 
resemblance to those of the next family, as may be seen by com» 
paring fig. 1044 with fig. 1045. 

Family Varanidae. — The Monitors include the largest known 
Lizards ; one of the fossil species attaining a gigantic size. They 
are confined to the Old World and Australia ; and appear to be 
unknown before the Pliocene. The skull has no postorbital bar ; 
the supratemporal fossae are not roofed over by bony scutes ; and 
both the preraaxillae and the nasals are united. The dentition is 
pleurodont ; and the teeth are large and pointed, and confined to 
the jaws. The vertebrae are characterised by their broad and fiat 
centra (fig. 1045) ; and dermal scutes are wanting. All the known 
forms may be included in the single genus Varanus. 

In existing forms the dorsal vertebrae are elongated, and have broad 
neural spines ; and the largest species attains a length of seven feet. In 
a fossil state this group is represented 
by remains from the Pleistocene of Ma- 
dras apparently referable to the living 
V, bengfUensis. Other vertebrae, again, 
found in the corresponding cave-de- 
posits of Queensland, not improbably 

belong to one or more of the species W 

still inhabiting that region. In a fi 

second and extinct group the dorsal JWW mJR 

vertebrae are relatively shorter and 
wider, and have narrower neural spines ; 

the two known species being of vety pj ,o45,--H*mai aspect of a dorsal 
large size. The smaller of the two is vertebiaorF/iwi»wf/Vtf/w/f;fromthc 

K sivalensis^ixQm the Pliocene of the Pliocene of the Siwahk Hiiis. 

Siwalik Hills of India, of which a dor- 
sal vertebra is shown in fig. 1045. Another vertebra is, however, larger 
than the figured specimen ; and the total length of the animal was prob- 
ably at least twelve feet These dimensions were, however, greatly ex 
ceeded by the huge V. priscus^ of the Pleistocene of Australia, in which 


g. 10415.— Haemal aspect of a dorsal 



1X42 


CLASS REPTILIA. 


the vertebrae are three times the size of those of K sivalensisy and the 
total length did not probably fall short of thirty feet. This species was 
originally described by Sir R. Owen under the name of MegcUania ; cer- 
tain remains which were referred to it having subsequently proved to 
be Chclonian. An imperfectly known species, from the Lower Pliocene 
of Attica, may perhaps belong to the former group. 

It may be well to mention here that Sir R. Owen has described 
two peculiar blunt and pleurodont teeth of a large lizard from the 
Pleistocene of Queensland under the name of NotiosauruSy which 
is, however, preoccupied by the genus Notosaurus (p. 1139). It is 
just possible that these teeth may be referable to Varanus priscusy 
in which event the generic term Megalania would have to be re- 
tained for that form. 

FaSiily TEiiDiE. — In this family, which is confined to America, 
the supratemporal fossae of the skull are not roofed over, the denti- 
• tion is pleurodont or subacrodont ; the teeth, although variable in 
form, are always solid at the base ; and there are no dermal scutes. 
An existing species of Tupinambis is represented in the Pleistocene 
cave-deposits of Brazil. 

Family LACERTiDiE. — In the Laccrtidce the supratemporal fossae 
are roofed over by bone ; the premaxillse are united ; the dentition 
is pleurodont, the bases of the teeth being hollow ; and there are no 
dermal scutes. All the genera belong to the Old World. Remains 
of the existing Lacerta ocellata occur in the Pleistocene of France, 
and extinct species referred to the same genus have been described 
from the Miocene and the Upper Eocene Phosphorites of the same 
country. 

Family Scincid^. — The Scincoid Lizards form a large cosmo- 
politan family, characterised by the bony scutes roofing over the 
supratemporal fossae ; the separate or imperfectly united premaxillae ; 
the pleurodont dentition ; and the presence of dermal scutes. Dra- 
amomuruSy of the Lower Miocene of France, is an exbnct genus 
with molariform teeth, probably allied to the existing Sineus (fig. 
1041) or Chalcides. 

Suborder 2, Rhiptoglossa. — The Chameleontiday or Chame- 
leons, differ from the Lacertilia in that the nasals do not enter into 
the borders of the nares ; the pterygoid does not articulate with the 
quadrate ; and, although limbs are present, there are no clavicles or 
interclayieJt- The dentition is acrodont. All the existing forms 
are Old World ; but Dr Leidy has described part of a mandible 
from the Upper (Bridger) Eocene of Wyoming, which he refers to 
the type genus Chameleon, ^ 

Suborder 3. Dolichosauria. — ^This group was Viginally formed 
for the reception of the genus Dolichosaurusy from the English 
Chalk; which is a small snake-Uke Lizard, with more than nine 
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vertetMTse in the neck, And well-developed limbs. The vertebrae 
have^ zygosphenal articulations. Acteosaurus^ from the Cretaceous 
of Austria, is an allied > form. 

Suborder 4. Pythonomorpha. — The Mosasauroids are car- 
nivorous marine Reptiles, frequently of large dimensions, and 
ranging in time from the Upper Greensand to the topmost Creta- 
ceous, with a cosmopolitan distribution. The body is much elon- 
gated. The skull (fig. 1047) presents a strong resemblance to that 
of the Varanidm among the Lacertilia, and has the nasals and pre- 
maxillae welded together, the quadrates 
very loosely articulated, teeth on the 
pterygoids as well as in the jaws, and 
frequently ossifications in the sclerotic 
of the eye. The teeth are large and 
sharp, and anchylosed by expanded 
bases to the summits of the jaws. 

There may be zygosphenal articulations 
to the vertebrae, and the cervical region 
may include more than nine vertebrae. 

The clavicles are always, and the inter- 
clavicle and sacrum generally, wanting ; 
but Professor Marsh figures a sternum 
in one genus. The limbs are modified 
into paddles (fig. 1 046), with no claws to 
the terminal phalangeals, and no fora- 
men to the humerus. The development 
of the pelvis is, moreover, but imperfect, 
and at least the majority of forms appear 
to have been devoid of dermal scutes, 
although Professor Marsh has recorded 

their presence in one genus. SriS! ‘"on" 

Family PLIOPLAXYCARPIDiE. The twelfth natural si*e. «, Scapi^a, 

least specialised form seems to be the 
genus FHoplatycarpuSy of the Upper Cre- 
taceous of Holland, in which both an interclavicle and a sacrum 
are present ; on which account its describer, M. Dollo, regards it 
as the type of a distinct family. 

Family Mosasaurida:. — The whole of the remaining genera of 
the suborder may be included in this family. One of the well- 
known genera is Clidastes (from which Edestosaurus is regarded 
by Professor Coj)e as inseparable), from the Cretaceous of North 
America, Thin genum comprises numerous sp^ies, character^ed 
by the extreme dohgation of the body, and their small or medium 
size. In the skuU the teeth, as in the nen genus (fig. 1047) are 
continued to the extremity of the premaxillae; the vertebra are 
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long, and have zygosphenal articulations; the humerus is short; 
and the chevrons are anchylosed to the centra, SironecUs is an 
allied genus from the same deposits, in which the chevrons are not 
anchylosed to the vertebrae. JPlatycarpus^ {Lestosaurus^ Taniwha- 
saurus\ which is found in the Cretaceous of North America, New 
2 Dealand, and perhaps Europe, differs from both the preceding 



Fig. 1047. — Frontal aspect ot the cranium of PlAtycarpus curtirostris ; from the Upwr Cre- 
taceous of North America. Greatly reduced, /mj:, Premaxilla ; mx. Maxilla ; fr^ Frontal ; 
pr/^ Prefrontal. (After Cope.) 


genera by the absence of zygosphenes; the chevrons being free 
and the humerus (fig. 1046) short and broad. With the genus 
Liodon^ in which Professor Cope includes Tylosaurus {Rhino- 
saurus) of Professor Marsh, we come upon forms attaining gigantic 
dimensions, in which the body is proportionately shorter than 
in the above-mentioned genera, and the vertebrae are always 
without zygosphenes. In Liodon itself the extremity of the pre- 
maxillae is devoid of teeth, and forms a cylindrical rostrum ; the 
teeth are smooth and more or less laterally compressed ; the hu- 
merus is long ; and the chevrons are free. It occurs in the Creta- 
ceous of Europe, North America, and New Zealand. Hainosaurus, 
again, of the Upper Chalk of Mons, agrees with Liodon in its eden- 
tulous rostrum and free chevrons, but has teeth of three types. 
Some of the teeth are subcylindrical, and others compressed, with 
serrated cutting edges like those of Megalosaurus, The total length 
of this huge Reptile is estimated at about 40 feet. The typical 
genus Mosasaurus is definitely known from the topmost Cretaceous 
of Maastricht in Holland, and the Cretaceous of North America ; 
the type spedes from Maastricht having been made known to 
science to the kst century. It is characterised by the premaxillse 
being toothed to their extremity ; by the teeth having their crowns 
faceted and more or less compressed ; as well as by the greater 
number of the chevrons being anch)^osed to the vertebrae. The 
fine skull of M* Camperi represented in the accompan3ring woodcut 
was obtained from Maastricht previously to 1785, and is preserved 
* Amended fimm Fiai^cofpus, 
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in the Paris Musetinu This species is estimated to have attained a 
len^h of 25 feet Closely allied to Mosasaurus is Pterycollasaurus^ 
which is, however, readily distinguished by the complete union of 
the pterygoids in the middle line — z, feature unknown elsewhere 



Fig. 1048. — ^The imperfect skull of Mosasaurus Cam^eri; Irom the Upper Cretaceous of 
Maahtricht. Much reduced. The dispbced ^ne in the left bottom comer is the left pterygoid, 
the corresponding bone of the opposite side being in its natural position above. 


in the whole order. The only known species is P. Maximiliani^ 
of the Cretaceous of Brazil. Finally, the genus BaptosauruSy of the 
Cretaceous of North America, is distinguished from all other genera 
by the complete union of the hsemal spines of the cervical vertebrae 



Fiff. xo49.*-'Left lataml and upper view of the skull of Boa^ Premaxilla ; sme, Nasal ; 

M Frontal Frontal;^. Wfrontal; Parietal; A.. Photic; so. Squamosal; gu, 
Quadrate; IHerygoid; Transverse ; mx^ Maxilla; ar, Articular; de^ Dentary. 

with the centra. The Mosasaurs attained their maximum devel- 
opment at a time when the Ichthyosaurs were on their decline. 
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The very imperfectly known Cetarthrosaurus^ of the Cambridge 
Greensand, which Mr Hulke refers to this order, is noticed among 
the Ichthyopterygia. 

Suborder 5. Ophidia. — ^The Serpents and Snakes constituting the 
last division of the Squamata present the following distinctive fea- 
tures : The body is greatly elongated (fig. 1051, bis\ and the vertebral 
column divisible only into a trunk and a caudal region. The alis- 
phenoidal region of the skull is fully ossified ; there is no temporal 
arcade, parietal foramen, or columella ; the quadrate and the bones 
of the palatal and maxillary regions are loosely attached to the skull 
(fig. 1049); the premaxillae are more or less aborted and usually 
edentulous ; and the two rami of the mandible are connected only 
by ligament. The vertebrae (fig. 1050) have zygosphenes ; but there 
is no sacrum, and chevrons are also wanting. There is, moreover, 
no sternum, nor any trace of the pectoral girdle or limbs ; but in 

some cases there are rudiments 
of the pelvic girdle and limbs. 
Dermal scutes are invariably 
wanting. This suborder is di- 
vided into three sections ; but 
since its palaeontological history 
is but imperfectly known, only 
very brief mention will be made 
of those families represented in 
a fossil state. With the excep- 
tion of an imperfectly known form from the Chalk, described under 
the name of Cimoliopkis^ all the known fossil forms are of Tertiary 
or Post-tertiary age. The next earliest genus is Helagrus, of the 
Lowest (Puerco) Eocene of North America, in which the imperfect 
development of the zygantrum of the vertebrae indicates very gener- 
alised affinities. 

FAMii^Y COLUBRID^. — The first existing family of the section 
Colubriformes, or Innocuous Snakes, contains the great bu'ik of the 
suborder; and, with the exception of Australia, is represented in 
nearly all temperate and warm r^ions. The Indian genus Ftyas 
is probably represented in the Pleistocene of Madras by the existing 
F mu€0ms. In the Middle Miocene of France we have the extinct 
Fikmaphis closely related to the modern Tropidonotus^ or common 
English Snake; while the existing genus Elapkis occurs in the 
Upper and Lower Miocene of various parts of the Continent. A 
species of Feriops closely allied to one now living in Egypt occurs 
in the Pleistocene of Coudes, in the south of France ; and Tham- 
mphts, from the Middle Miocene of the latter country, is said to be 
allied to Elaphis. 

Family PvTHONiDiE, — The Pythons, or Rock Snakes, are now 



Fig. 1050. — Posterior ( a ) and hsemal ( b ) views 
of a trunk vertebra of Python molurusl from 
the Pleistocene of India. 
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confined to Africa, Asia, or Australia ; and, with the next family, 
include the largest existing representatives of the suborder. They 
have teeth in the premaxilla ; and all of them are good swimmers. 
Remains of the existing Indian Python tnolurus (fig. 1050) are 
found in the Pleistocene of Madras; and not improbably also in 
the Pliocene of the Punjab ; while in the Pleistocene of Australia 
occur vertebrae probably referable either to Narboa or Liasis^ which 
now inhabit that continent. From the Upper Eocene (Lower Oligo- 
cene) freshwater deposits of Hampshire, and the equivalent Phos- 
phorites of Central France, we have the genus Paleryx {Palmo- 
python\ which is apparently nearly related to Python, Finally, 
Scytalophis^ from the Quercy Phosphorites, is said to connect the 
PythonidcR with the Tortricidce, , 

Family BoiDiE. — The Boas are at the present day confined to 
the New World, and differ from the Pythonida. by the absence of 
premaxillary teeth (fig. 1049). The genera Boavus^ Lithophis^ and 
Lestophis (Zimnophis), of the Upper Eocene of North America, are 
probably referable to this family. Protagrus, from the same de- 
posits, may also be provisionally included in this family ; to which 
it has been suggested that Botrophis^ of the French Miocene, may 
likewise belong. 

Family ERYCiDiE. — The members of this family are small Snakes 
allied to the BoidcR^ but having a much shorter and non-prehensile 
tail. Scaptophis^ of the Middle Miocene of France, is regarded as 
allied to the existing African Eryx ; while in the Miocene of North 
America we have Aphelophis^ Ca/amagrus, and Ogmophis^ all of 
which appear to be more or less closely related to the genus 
Charina now inhabiting the same regions. 

Family PALvEOPHiDiE. — Here we may provisionally place the 
family formed for the reception of the extinct genus Palceophis^ 



Fig, lost. — Vertebra ^ PaUBi>phi$ iyphaut; from the Middle Eocene of England. The 
neural spine is wanting, c. Costal tubercle ; ar, Zygosphene, 


from the Lower and Middle Eocene of Europe, comprising very 
large Serpents, which were probably of marine habits. The ver- 
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tebrae (fig. 105 1) differ from those of the PythonidcB (fig. 1050) by 
their much taller neural spines, the lower position of the costd 
articular surfaces, the less divergence of the zygapophyses, and by 
the stronger development of the haemal ridge on the inferior aspect 
of the centrum, which often carries well-marked processes at its 
two extremities. The type genus Falceophis is represented by three 
English species, of which the largest is estimated to have attained 
a length of 20 feet. In the Eocene of North America we have 
closely allied forms reaching to a length of 30 feet, which are re- 
ferred by Professor Marsh to a distinct genus under the name of 
Titanophis {pinophis\ but which Professor Cope regards as indis- 
tinguishable from Palmphis, By Sir R. Owen these snakes are 
regarded as allied to the existing marine Sea-snakes or Hydrophidcz, 

Family Elapid^e. — The first existing family of the section 
Colubriformes Venenosi includes the Cobras {Naia^ fig. 1051, bis) 
and Coral-snakes {Elaps), The former genus probably occurs in 
the Pleistocene of Madras ; and perhaps also in the Middle Miocene 
of Steinheim, in Bavaria. 

Family Viperid^. — The present and following families consti- 
tute the section Viperiformes ; characterised, among other features, 
by the perfect development of the poison-apparatus. A snake from 
the Upper Miocene of Switzerland has been referred by M. Roche- 
brune to the existing genus Bitis (Echidna) \ having been originally 
described under the name of Coluber Kargi. 

Family Crotalid^. — The Pit-Vipers and Rattlesnakes are con- 
fined at the present day to Asia and America. The genus Neuro- 
dromidus, from the Miocene of North America, is provisionally 
referred by Professor Cope to this family; while Laophis, from 
the Tertiary of Salonica, has also been regarded as a member of 
the same group. 

Ordinal Position Uncertain. — It will be convenient to men- 
tion here two imperfectly known genera from the English Purbeck, 
of w^hich the ordinal position cannot at present be determined* 
They were regarded by Sir R. Owen as belonging to the Lacertilia, 
but their teeth are much more of a Dinosaurian type. The first 
genus, Nytheks (JVulhetes), is represented by a species of the size of 
some of the existing VaranidcBy but has teeth closely resembling those 
of the Megahsauridm^ although it is said that they were not implanted 
in distinct sockets, and were anchylosed to the bone. The second 
genus, Eckimdon^ k a smaller form, in which the teeth present a 
striking resemblance to the much larger ones of the Dinosaurian 
genus Scelidoscmrus ; they were implanted in imperfect sockets. 

Here also may be mentioned the remarkable genus Atoposaurus^ 
from the Kimeridgian lithographic limestones of Bavaria, which 
includes two species of small Lizard-like Reptiles, presenting the 
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following peculiar features. The manus seems to be of a Rhyn- 
chocephalian type ; but the pes has only four digits, in which the 
phalangeals number 2, 3, 4, 4, or the same as in the Crocodilia. 
The proximal bones of the carpus are also elongated, as in that 
order ; and the radius and ulna in the pectoral, and the tibia and 
fibula in the pelvic limb, are respectively in close apposition. The 
mandibular symphysis is long ; and the dentition is said to resemble 
that of the GeckonidcB among the Lacertilia. The above characters 
point to a curious blending of Squamatine and Crocodilian features. 



Fig. 1051, bis ^ — The African Cobra {Naia haje). Reduced. 


CHAPTER LV. 


CZASS HJSPTILIA— continued. 

Orders Dinosauria, Crocodilia, and Ornithosauria. 

Archosaurian Branch. — The three orders constituting this 
branch comprise the most highly developed of all Reptiles, and 
those which make the nearest approach in their organisation to 
the Avian type. They also include the largest forms yet known, 
not only among Reptiles, but also among all Vertebrates adapted 
for a life on land. The following features are common to the 
entire branch. The teeth are very generally implanted in distinct 
sockets ; are never anchylosed to the bones of the jaws ; and are 
exclusively confined to the premaxilla, maxilla, and dentary bones. 
Both the pectoral and pelvic limbs are always well developed ; the 
cranium has no parietal foramen, but is furnished with both a 
superior and an inferior temporal arcade (as is shown in the figure 
of the Crxxodilian skull on p. ii8i); the quadrate is firmly fixed 
among the adjacent bones ; and there is frequently no columella. 
The anterior ribs have a distinct capitulum and tuberculum ; the 
dorsal vertebrae carry long transverse processes, which may be 
placed entirely on the arch ; and there may be more than two ver- 
tebrae in the sacrum. There is never a T-shaped intercl^vicle, and 
the only indication of the precoracoid is afforded by the fontanelle 
in the coracoid, which indicates its original duality. The humerus 
has no foramen, but an ectepicondylar groove may occur. The 
proximal row of the tarsus comprises two bones, representing the 
astragalus and calcaneum. Abdominal ribs are generally present. 
The number of phalangeals in the limbs approximates more or less 
closely to that obtaining in the Streptostylic branch, although in 
some cases there is a reduction. The lateral surface of the mandi- 
bular ramus may have a vacuity. As a rule the centrum of the 
atlas vertebra forms an odontoid process more or less closely at- 
tached to the centrum of the axis ; the arch of the former being 
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supported by the crescent-shaped first intercentrum. Generally the 
second intercentrum, like that of Birds, was likewise fused with 
the centrum of the axis ; but in one Dinosaur (? Megalosaurus) 
this element exists as a distinct wedge-like bone. 

In the pelvis the pubis and ischium never form the broad and 
flattened plates found in the Synaptosaurian branch, and they fre- 
quently assume a more or less rod-like form with expanded ex- 
tremities (fig. 1073), The ilium {ibid,) frequently presents an 
expanded form ; and the obturator notch is never converted into 
a foramen. 

Order VIII. Dinosauria. — ^The Dinosaurs comprise the largest 
land Reptiles ; and while some of them approximate closely to the 
type of structure obtaining in Birds, others come so near to the 
more generalised Crocodilians that it is almost impossible to give 
any definition of the order that will separate it from the latter. It 
is, indeed, probable that in the Lower Trias there lived the common 
ancestors of the two orders, and the forms from the upper division 
of the same period indicate not only the close connection between 
these two groups, but also show some signs of affinity with the 
Rhynchocephalia, 

It has recently been proposed to divide the Dinosauria into two 
orders, from the structure of the pelvis, for which the names Or- 
nithischia and Saurischia have been proposed. If, however, this 
view be eventually accepted, it would be advisable to adopt the 
name Ornithopoda for the first division, and to restrict the term 
Dinosauria to the second, which would include the two groups here 
termed Theropoda and Sauropoda. In regard to the names of the 
suborders, it should be mentioned that Professor Cope first proposed 
the names Orthopoda and Goniopoda for the groups here termed 
Ornithopoda and Theropoda, on the ground that the relations of 
the tibia and fibula were essentially different in the two. According, 
however, to Professor Huxley, this alleged difference does not exist, 
and these names are therefore rejected by him. 

This order is entirely extinct, and may be regarded as character- 
istic of the Mesozoic period ; since it ranges from the Trias to the 
Uppermost Cretaceous of Maastricht, and the Laramie beds of the 
United States, and appears to have attained its maximum develop- 
ment in the Jurassic and Wealden. In space this order was widely 
distributed over Europe and North America ; and it has also been 
met with in India and Africa. 

Dinosaurs vary exceedingly in the contour of the body and limbs ; 
which in some instances were more or less of a crocodilian type, but 
in others approach very markedly to the avian structure ; the latter 
feature being most marked in the pelvis and hind limbs. The hind 
limbs were either moderately or excessively long ; while the body 
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was sometimes defended by a bony dermal armour, which may 
cany long spines, but apparently was never composed of imbricating 
pitt^ scutes. The centra of the vertebrae are very generally amphi- 
coelous ; but are not unfrequently opisthocoelous in the cervical, and 
more rarely in the anterior dorsal region ; and occasionally some of 
the caudals are procoelous. The neuro-central suture was usually 
persistent till an advanced period of life. As a general rule the 
sacrum includes from three to six vertebrae, but occasionally the 
number is reduced to two. The cervical ribs are not produced into 
spines directed antero-posteriorly ; and there are no uncinate pro- 
cesses to the ribs. The rib-facets of the middle dorsal vertebrae 
may either form a ‘‘ step ” on the transverse process, as in the Cro- 
codilia, or may be placed on the lamina of the arch. The skull has 
many* features of that of the earlier Crocodilia, but also seems to 
approximate in some cases to the Rhynchocephalian type. The pre- 
maxillae were but rarely fused together ; and the union of the man- 
dibular rami in the symphysis is cartilaginous. The teeth are gen- 
erally more or less laterally compressed, frequently having serrated 
edges, and may be of complex structure ; they were not always 
implanted in distinct sockets. The sternal region is imperfectly 
known, but it frequently comprised two paired bones, which may 
represent parts of the sternum. The limb bones may be either 
solid or furnished with a medullary cavity. The coracoid has a 
fontanelle, and is always short and rounded. In the pelvis (fig. 
1060) the ilium has both the pubic and preacetabular processes 
well developed, the latter being in some cases greatly elongated ; 
the pubis always takes a share in the formation of the acetabulum 
(of which the inner wall is unossified), and may be directed either 
forwards or backwards. The femur may have its head placed either 
obliquely (as in the Crocodilia) or at right angles to the condyles ; 
and may or may not be furnished with an inner trochanter. The 
tibia, as in Birds, had a cnemial crest ; and the astragalus was fre- 
quently flattened, and more or less closely applied to the lower end 
of the tibia. 

Suborder i. Ornithopoda. — This suborder is taken to include 
the Stegosauria of Professor Marsh, and embraces the most special- 
ised forms. In the skull (figs. 1059, 1062) the anterior part of the 
premaxilla is devoid of teeth; there is no preorbital vacuity; the 
nares are placed at the extremity of the skull ; and the teeth are 
more or less coihplex, and are frequently not set in distinct sockets. 
The vertebrae are solid throughout. The pectoral limb is consider- 
ably shorter than the pelvic ; the limb bones may be either solid 
or hollow. The ilium generally has its preacetabular process much 
elongated (fig* to 6 o), although this is not the case in the type of 
Cainftmaurm (fig. X052), the ischium has an obturator process; 
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but the most striking and remarkable feature in the group, and one 
in which it differs from all others except Birds, is that the shaft of 
the pubis is directed backwards more or less nearly parallel with the 
ischium, while a shorter and thicker portion in advance of the 
acetabulum projects forwards. How remarkably this pelvic struc- 
ture approximates to that of Birds may be seen by comparing figs. 
1052 and 1060 with that of the pelvis of a Ratite Bird given in the 
sequel. Thus the large preacetabular process of the pubis of the 
Dinosaur corresponds with the much smaller but similarly situated 



Fijr. 1052.— The left side of the pelvis of Cnmptosaurus disbar; from the Upper Jurassic of 
North America. One*twelfth natural size. The upper bone is the ilium, that on the left the 
pubis, and that on the right the ischium. (After Marsh.) 


pectineal process in the pelvis of the Ratite Birds (fig. 1107). In 
some cases the pubis had no median symphysis. All the more 
specialised members of the suborder appear to have walked habitu- 
ally on the hind limbs alone. In this and the following suborder 
the length of the tibia is often nearly equal to that of the femur ; 
and in Hysilophodon and Compso- 
gnathus the former bone, as in 
Birds, is the longer of the two. 

Family TRACHOOONTiDiE. — 

The most specialised, as well as 
one of the most recent, families of 
the suborder, seems to be that typ- (After Leidy.) 
ically represented by the genus 

Trachodon (Hadroscmrus), This family, although closely related 
to the next, is distinguished by havii^ the teeth arranged in a 
number of vertical columns and articulating together so as to 
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form a kind of pavement. The type genus, of which a tooth is 
shown in fig. 1053, was first described from the Upper Cretaceous 
of the United States, but has been subsequently recorded from the 

Upper Greensand of Cambridgeshire. 
All the dorsal vertebrae are opistho- 
coelous. Five other genera — viz., Di- 
clonius^ Cionodon^ Monoclonim^ Dys- 
cams, and Agathautnas — from the 
Laramie beds of North America pre- 
sent a similar type of dentition, and 
have been referred to the same 
family ; the first being probably iden- 
tical with Trachodon, The Laramie 
beds, it should be observed, appear 
to be transitional between the Cre- 
taceous and Eocene although refer- 
In the so-called Diclonius the skull, 
although presenting many of the features of that of Iguanodon, 
is much more elongated and depressed, and has the edentulous 
premaxillse produced in advance of the large nares. Orthomerus, 



Fig T0S4.— Four lower teeth of Iguan- 
vdon in the iavr. Reduced. 


able to the former epoch. 




A B 

Fig. 1055. — loner (a) and outer (b) aspect«{ of a lower tooth of IguanocUm bemissartensis ; 
from the Wealden of Sussex. 


of the Upper Cretaceous of Maastricht in the Netherlands, may 
probably be also referred ^ this family, although it shows some 
signs of connection with the next. 

Family IguanodontidjE. — ^The characteristic features of this re- 
markable family are to be found in the hollow limb bones; the 
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slenderness and relative length of the pubis and ischium (figs. 1052, 
1060) ; the avian characters of the femur, which has a large inner 
trochanter; the digitigrade hind-foot, furnished with either three 
or four digits and more or less elongated metatarsals; and the 
short pectoral limbs. The bones usually referred to the sternal 
region are typically hatchet-shaped, and have been regarded by 
some authorities as clavicles, although it seems more probable that 
they are connected with the xiphisternum. The cervical vertebrae 
were usually opisthocoelous ; and the rib-facets in the middle dorsal 
region were placed on the arch. The teeth (figs. 1054, 1055) were 
arranged in a single row, and are very peculiar and characteristic. 
Thus they have flattened, diamond-shaped crowns, bearing strongly- 
marked serrations on the anterior and posterior borders, an(J one 



or more vertical ridges, some of which may themselves be serrated, 
on their outer aspect. The mandible, again, presents the peculiar 
feature of having a horse-shoe-like predentary bone at the extremity 
of the symphysis (fig. 1059). This predentary ossification is devoid 
of teeth; while the mandibular symphysis itself is deeply chan- 
nelled. The family ranges from the Middle Jurassic to the Weal- 
den and Neocomian of Europe ; its members generally showing a 
gradual increase in size from the lowbr to the higher horizons. 
Like the members of the preceding family, the Iguanodonts habitu- 
ally supported themselves on the hind limbs, as in the accompany- 
ing figure. 
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In the imperfectly known Sphemspondylm of the English Wealden, 
the anterior dorsal vertebrae were opisthocoelous, and all the dorsals 
had very low neural arches. In the type genus Iguanodon^ which 
includes the largest forms, the skull (fig. 1059) is comparatively 
short, with large and terminal nares and no teeth in the premax- 
illa. In the typical forms, constituting the Euiguanodfont group, 
the dorsal vertebrae (fig. 1058) are amphicoelous, those in the 
anterior part of the series having very tall neural arches and 
compressed centra; while the sacral vertebrae are anchylosed to- 
gether, and have rounded inferior, or haemal, surfaces. In the 
pelvis (fig. 1056) the ilium is shallow, with a sharply pointed post- 
acetabular process; while the pubis is much shorter than the 



A B 


Fig 1057.— Inner aspect of the left femur 
of Ig^MModon bemtssartensis (a), and of 
Cat^fifsaurus Ltedsi (a). Reduced to same 
size, a. Head; Lesser trochanter, c. 
Inner do. ; Ectocondyle ; Entocondyle. 



ischium (which is twisted on itself), and does not form a symphysis. 
The femur (fig. 1057, a) is characterised by the inner trochanter 
{c) forming a crest directed almost immediately backwards, while 
its shaft is nearly straight The foot had only three functional 
digits, of which the metatarsals were short and thick, and the 
phalangeals broad and flat ; while in the manus the one phalangeal 
of the first digit, or pollex, was modified into a stout conical spine. 
As in the other members of the family, the astragalus, although not 
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anchylosed to the tibia, was closely applied to its distal extremity, 
and thus rendered the structure of the ankle-joint (as in many 
other members of the order) essentially similar to that of a Bird. 

It may be observed that the inner trochanter of the femur corresponds 
to the small one found in some Birds, which gives attachment to the 
femoro-caudal and ischio-fcmoral muscles, and it is interesting to find, 
from the observations of M. Dollo, that its form in Iguanodon is that 
which agrees with the Avian type. 

Iguanodon ranges from the Wealden to the Lower Greensand, 
and hitherto has only been described from Europe. The two 
representatives of the typical or Euiguanodont group occur in the 
Upper Wealden and Lower Greensand, and comprise / Mantelli^ 
and the larger /. bernissartensis (fig. 1056) ; these two species being 
also distinguished from one another by the number of the sacral 
vertebrae, and the contour of the ilium and femur. 

The length of the entire body of the larger I. bernissartensis is esti- 
mated at about 33 feet. The history of the gradual reconstruction of the 
skeleton of this genus affords an instructive instance of the results which 
may be attained by careful and patient study of fragmentary remains. 



Fig. X059.-- lateral aspect of ^e skull of Iguanodon bernissartensis; from the Wealden 
of Belgium. Much reduced. Tlie anterior aperture is the nares , the middle one the orbit ; and 
the posterior the infratemporal fossa. The predentary bone is seen at the extremity of the 
mandible. (After Dollo.) 

By the labours of the late Dr G. Mantell of Lewes, in the first half of 
this century, a considerable knowledge was acquired of the greater part 
of the skeleton, although the structure of the pectoral and pelvic girdles 
remained a puzzle. The structure of the latter was, however, after more 
than one ineffectual attempt, finally solved by the labours of Professor ^ 
Huxley and Mr J. W. Hulke. 

In the Wadhurst Clay, or Lower Wealden, of Sussex, we meet with 
three species of Iguanodon which connect the preceding typical 
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forms with the undermentioned geftus Camptosaurus, X Dawsmi is 
a form intermediate in size between /. MantelU and L ^ernissarUnsk^ 
characterised by the less compressed centra and lowef aichls ^ the 
dorsal vertebra ; and also by the form^of the ilium (fig. //), 
which is of great depth, and has a deep and rounded pi^tacetabukr 
process, while the preacetabular process has a horiiontal fafeHor 
plate. In the smaller /. Fittoni the ilium is equallyldeep; bi4t har 
the postacetabular portion narrowed to a point laterally*, wife a disk 
tinct inferior horizontal plate ; while the sacrum has lattolly com- 



Fig. to6o.— Left pelvic bones of Lower Wealden Iguanodons. One-s^ted^ natural sire. //, 
Ilium of IguoHffdon Dawsont ; P, Imperfect pubis of do. ; /x, Ischiuql of /. hoUtHgtontensu ; 
a. Obturator process of ischium. 

I 

pressed vertebrse like those of /. Mantela* The posterior portion 
of the ilium of this species is indeed almost indistinguishable from 
that of Camptosaurus (fig. 1052). Finally, in L hollingtoniensis^ 
which agrees approximately in the proportions of the limbs with 
/ MantelH, th^ femur had a curved shaft and pendant trochanter 
as in Campiosaurus (fig. 1057, b); while the sacrum had the ver- 
tebrae remaining separate from one another, with their inferior 
surfaces flattened, as in that genus, with which this species also 
agreed in the contour of the ischium (fig. 1060, 7s\ which has a 
stout shaft not twisted upon itself. This species agreed, however, 
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with the typical species of the genus in having the pollex modified 
into a conical spine, and thereby differed from Camptosaurus, 
akhough Indicaitihg how the one genus passed into the other. It 
4 s not Iffluprobable that the ^large Iguanodont from the Upper 
Juilijssic of the United States, described as Camptosaurus ampins^ 
'#hoWd be referred to this group of Iguanodon, since it has but 
iKree funetiongj digits in the pes. 

' " With the genus Camptosaurus (Camptonotus\ we come to forms 
which are ttsually of smaller size than the preceding. It occurs 
typically in the Upper Jurassic of North America ; but certain 
forms, from the English Oxford and Kimeridge Clays, to the latter 
of which the name Cumnoria has been applied, as well as a Wealden 
species, do not appear to be generically separable. This genus^has 
teeth of somewhat simpler structure than those of Iguanodon, and is 
further characterised by the flattened haemal surfaces of the centra 
of the sacral vertebrae, which appear to have remained separate 
throughout life ; by the short preacetabular process of the ilium 
(fig. 1052) of the type species ; by the equality in the length of the 
pubis and ischium ; by the pendant, or downwardly directed, inner 
trochanter of the curved femur (fig. 1057, b) ; and the presence of 
five digits of normal structure in the manus, and typically of four 
in the pes. The length of the femur of the type species is some 
2 1 inches. The English forms are not fully known ; but so far as 
this is the case they agree in essential characters with the type : the 
structure of the manus and pes is, however, unfortunately unknown. 
C. Leedsi^ of the Oxford Clay, is known onjy by the femur (fig. 
1057, b), which measures a little over one foot in length \ while in 
the Kimeridgian C, Frestwichi (the type of Cumnoria) we are ac- 
quainted with the greater part of the vertebral column, in which the 
dorsals haye tall neural arches, while the ilium has a long preace- 
tabular pti^ee^ like that of Iguanodon, The Wealden C. valdensis 
is typified by a femur. Laosaurus is an allied form from the Upper 
Jurassic of th 4 Ufiited States, distinguished by its amphicoelous 
cervical vertebrae. The imperfectly knowm Cryptodraco {Crypto- 
saurus\ from the Oxford England, is characterised by the 

great stoutness of the fei^r, which exceeds a foot in length, and 
has a straight shaft, with an inner trochanter like that of Iguanodon 
bernissartensis^ but differs from the corresponding bone of all other 
members of the family in the absence of a groove on the anterior 
aspect of the lower end between the condyles. 

Lastly, we come to the consideration of Hypsilophodon^ the 
smallest and least specialised representative of the family, which 
is now well known to us through the labours of Mr J. W. Hulke. 
In this genus, which occurs in the Upper Wealden of England, the 
general structure of the pelvis, as well as the pendant inner tro- 
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chanter of the femur, resemble the corresponding elements of 
C&mptosmrus ; and there are likewise four functional digits in the 
pes, of which the metatarsals are elongated ; while the teeth, which 
also occur in the hinder half of the premaxilla, are somewhat simpler 
than those of Iguanodon, In conclusion, we may mention two im- 
perfectly known forms which are evidently related to this family. 
Of these, Mochlodon^ from the Upper Greensand of Austria, is 
characterised by the absence of the channelled mandibular sym- 
physis characteristic of typical forms ; while Crasptdodon^ from the 
Upper Cretaceous of Belgium, is a very small Dinosaur, merely 
known by its teeth, which are more complex than those of 
Iguanodon, 

Family Scelidosaurid^. — This family includes a group of re- 
markable Dinosaurs of medium dimensions, characterised by being 
clad in a stout dermal armour, usually consisting of detached scutes 
and long spines, but sometimes taking the form of a solid carapace 
completely covering the lumbar region. The rami of the mandible 
are slender and tapering, but it is not known whether a predentary 
bone was present. The teeth (fig. io6i) have laterally flattened and 
subtriangular crowns, with the borders carrying serrations set more 
or less obliquely or parallel to the long axis of the tooth. The 
anterior and middle dorsal vertebrae differ from those of the 
Iguanodontidce in having the articulation for the head of the rib 
forming a “ step ” on the transverse process, as in Crocodiles, and 
not a facet on the arch ; while there is also no fossa between the 
transverse process and the postzygapophysis. The limb-bones are 
solid and massive; the pre- and postacetabular 

t processes of the ilium very long ; and the pubis 
and ischium comparatively short. Thif femur 
has an inner trochanter ; the metatarsals are 
short and thick ; and the pes, which waj piii^bably 
plantigrade, always has four functionkl digits. 
This family connects the IguanddtontidcB with the 
SfegosauridcBf and appears to be confii.ed to the 
Old World, ranging from the Lias to the Creta- 

Fi^. ro6i.>— Tooth of ceOUS. 

The type genus Scehdosaurus^ of which a tooth 
T^fce ^ shown in fig. io6i, occurs in the Lower Lias 

of Dorsetshire ; and is well characterised by the 
strongly-marked serrations of the teeth, and the short and conical 
dermal spines or scutes. In the Wealden, the well-known Hykeo- 
$amrus was a Dinosaur of considerable dimensions, characterised 
by its enormous and laterally-compressed dermal spines, but of 
which the skull and teeth are unfortunately still unknown, certain 
detached teeth which have been provisionally referred to it being 
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now known to be Sauropodous. The anterior dorsal vertebrae have 
a well-marked haemal ridge, which disappears in those later in the 
series. 

jRegnosaurus is founded upon a lower jaw from the Wealden, 
which may pertain either to the last or the following genus. In 
Polacanthus^ of the same beds, we have a remarkable form, in 
which the dermal armour constitutes a completely solid carapace 
over the whole of the dorsal aspect of the lumbar region, some of 
the component scutes being tuberculated, and others ridged ; while 
there was also a number of detached flattened spines somewhat like 
those of Hylaosaurus^ which probably formed a line in the dorsal 
region. This peculiar type of carapace forcibly recalls that of the 
Glyptodont Edentates. In the Chalk-Marl and Cambridge Gi^en- 
sand, we find Acanthopholis with a dermal armour somewhat similar 
to that of Scelidosaurusy but with rather more complex teeth. The 
smaller AnoplosauruSy of the Cambridge Greensand, was probably a 
closely allied, if not generically identical, form j while the equally 
small Syngonosaurus and EucercosauruSy of the same deposits, are 
distinguished by their compressed and carinated dorsal vertebrae, 
which resemble those of Hylmosaurus, Apparently allied to these 
forms is VectisauruSy of the Wealden of the Isle of Wight, origi- 
nally referred to the Iguanodontidmy but showing the “ step on the 
transverse processes of the dorsal vertebrae characteristic of the 
present family. PriodontognathuSy founded on a fragment of jaw 
of unknown age, is probably referable to one of the preceding 
forms. 

Family Steoosauridje. — This family is typically represented by 
the genus Stegosaurus ; but before mentioning that form it will be 
convenient to refer to two apparently allied Dinosaurs from the 
Karoo system of the Cape, both of which are very imperfectly 
knowlS^ ai|d may indicate a family connecting the present with the 
Iguanodontidcey^ In Euscelesaurus (more correctly Euscelidosaurus)y 
as the first of Jhese forms is named, the limb-bones were solid, and 
the femur has a large inner trochanter, and approximates somewhat 
to that of the Iguanodonts. The tibia and fibula ^seem, however, 
to have been more like those of the Stegosauridce ; being anchylosed 
at their two extremities, and closely joined to the astragalus and 
calcaneum. The caudal vertebrae, belonging either to this or the 
next genus, are of an Iguanodont type. The genus Onnosaurus 
{Orosaurus) was founded upon a bone of a larger reptile, regarded 
by its describer as the distal end of a femur, but which is really the 
proximal end of a tibia. Although solid throughout, this bone re- 
sembles the tibia of Jguanodon in its expanded extremity, and thus 
suggests a transition between the Iguanodontid(B and Stegosaurtdm, 

The genus Stegosaurus was originally described from the Upper 
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Jurassic of North America ; but it appears that certain forms from the 
Oxford and Kimeridge Clays of England, described at an earlier date 
under the preoccupied name of Omosaufus, are not entitled to gen- 
eric distinction. These Dinosaurs agree with the Scefidasaurida in 
the general structure of their teeth, and the possession of a dermal 
armour of scutes and spines, as well as in their solid limb-bones ; 
but differ by the great height of the neural arches of the vertebrae, 
as well as by the circumstance that in the sacrum each arch is 
either chiefly or entirely supported by a single centrum, instead of 
by the adjacent portions of two centra, as in the preceding families. 
The skull (fig. 1062) shows many points of resemblance to that of 
Iguanodort, especially in the presence of a predentary bone ; but it 
is iQjWer and narrower, and thereby approximates to the Scelido- 



Fig. 1063. —Left lateral view of skull of Stegosaurus steno^s; from the Upper Jurassic of 
North America. On«f-quarter natural »i*e. a, Narcs ; Orbit ; c, Infratemporal fossa , 
Premaxilla ; Maxilla ; #», Nasal ; ^ Prefrontal ; so^ Supraorbital ; fPy Postfrontal ; poy f^si- 
orbital; /, Lachrymal Jugal; y, Quadrate; sq^ Scummosal; oCy OccipUal condyle; ar, Arti- 
ctilar ; m, Surangular ; a#, Angular ; r, Splenial ; dy Dentary; pdy Predentary. (After Marsh.) 


sauriah type. The Iguanodont resemblance is, however, so marked 
as to forbid the reference of the forms with dermal armour to a 
separate suborder. The two rami of the caudal chevron-bones do 
not unite superiorly. In the pelvis (fig. 1063) the ilium has an 
enormous preacetabular process, and a very short postacetabular 
portion ; while the ischium and pubis are relatively short In the 
femur (fig, 1063) the inner trochanter is either very small or 
absent; the metatarsals are very short and stout; and the five 
digits of the fflantigrade pes approximate in contour to those of 
Elephant The tibia and fibula are suturally united together at 
their extremities ; and the former is completely joined to the astra- 
galus, and the latter to the calcaneum. Other peculiar features of 
these remarkable reptiles are to be found in the structure of the 
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neural canal in the sacrum. In the solid structure and general 
contour of the limb-bones, as well as in the relations of the 
sacral centra to their arches, Stegosaurus approximates to the sub- 
order Sauropoda ; and thus shows how impossible it is to bring out 
the true relationships of animals in a linear classification. The 
type species indicates a reptile about two-thirds the dimensions of 


Iguanodon bernissartensis. The 
trochanter to the femur. The 
name Diracodon has been ap- 
plied to an American Jurassic 
type characterised by some modi- 
fication in the structure of the 
foot. Dystrophceus^ from the 
Trias of Arizona, appears to be 
more or less closely allied to the 
StegosauridcB, 

Family Ceratopid^. — This 
name has been proposed for 
some remarkable Cretaceous 
Dinosaurs allied to the preced- 
ing family, but can only be pro- 
visionally adopted. The type 
genus Ceratops (according to 
Cope identical with his Pofy- 
onax\ of the Laramie Creta- 
ceous of the United States, 
carries a pair of large hom-cores 
on the skull, which are curiously 
like those of the Bovidce^ and 
were probably sheathed with 
horn. The body was covered 
with dermal scutes, which not 
improbably had overlying homy 
shields like those of Chelonians. 


American species have no inner 



Fig. 1063. -The left pectoral and pelvic 
girdles and limbs of Stegosaurus ungulatus , 
from the Upper Jurassic of North America. 
A natural sire, s^ Scapula , c, Coracoid ; /i, 
Humerus ; r, Radius ; u. Ulna , i-v, PhaUn- 
geals; //, Ilium; ts, I senium ; Pubis; 
^ Femur; t, Tibia; Fibula; a, Astra- 
galus ; Cf Calcaneum. (After Marsh ) 


In the Upper Greensand of Austria there occur similar horn-like 
bones, once thought to have been attached to the body, and 
described as Siruthiosaurus {Crataomus\ and it has yet to be 
shown that the American types are generically distinct. A gigantic 
allied form, from the Laramie, has been christened Tneeratops, 
and is characterised by the presence of an additional nasal horn- 
core, supported by the coalesced premaxillse and an additional 
rostral bone. The skull is stated to be upwards of six feet in^ 
length; the frontal hom-cores measuring some 22 inches. A 
horn-core-like bone in the British Museum, from the Wealden, 


not improbably indicates an allied type. 
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Nbdosaurus^ of the Laramie, is a form more or less nearly allied 
to Skg&$a$trus^ characterised by the completeness of the dermal 
armour, which consists of rows of rounded knobs, becoming small 
and quadrangular near the head. The skull is unknown. 

Finally, the remarkable genus Stenop^lxx^ from the German 
Wealden, should perhaps find a position somewhere in this neigh- 
bourhood, although it differs from all other members of this sub- 
order by the presence of cavities in the centra of the caudal 
vertebrae. 

Suborder 2. Theropoda. — The suborder Theropoda holds in 
some respects a position intermediate between the Omithopoda 



¥ig, *064— The left iide of the pelvis of AUctmtrus /rtigths l from the Upper Jurassic of 
North America. One*cwelfth natural size, r/. Ilium . ix, Ischium , Pubis , a, Acetabulum. 
(After Marah.) 

and the Sauropoda, although its members are more nearly allied 
to the latter ; with which, as already mentioned, it has been pro- 
pposed to group them, under the name of Saurischia, In many 
respects, such as the structure of the teeth, the form of the fe- 
mur, the occasional presence of only two sacral vertebrae, and 
the form of the quadrate bone, certain members of this suborder 
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make a nearer approxiniEation than the Sauropoda to the general- 
ised Crocodilia, ^though in their hollow limb-bones they agree 
with the hi^er Omithopoda, All the forms were carnivorous. 
In the skull (fig. 1070) the premaxillae are fur- 
nished throughout with^ teeth, which are laterally 
compressed (fig. 1065) and backwardly curved, 
with trenchant edges, of which the posterior, and 
frequently also the anterior, border is serrated; 
the directions of these serrations being generally 
nearly at right angles to the axis of the crown. 

These teeth are always implanted in distinct 1065— Lateral 

sockets ; and the skull has a large preorbital va- aspect of a tooth of 
cuity (fig. 1070). The centra of all the vertebrae 
are hollowed internally; and their neural arches OM^thw ijftuJai 
articulate by zygosphenes (diplosphenes) corre- 
spending to those of the Squamata; while the 
centra (fig. 1067) are much compressed laterally. The limb-bones 
always have medullary cavities ; and since the pectoral limb is much 
shorter than the pelvic, it is probable that many forms were of 
bipedal habits, although some may have been quadrupedal. In 
the pelvis (fig. 1064) the ilium is of great vertical depth, and has a 
short preacetabular process ; while the pubis is directed downwards 
and forwards, and unites with its fellow in a long bony symphysis, 
which is generally extended up the anterior face of the two bones ; 
thus causing them to have the appearance of an elongated Y, when 
seen from this aspect. Both the pubis and ischium are of a com- 
paratively short and slender type of structure, and the latter usually 
has an obturator process like that of the Omithopoda. The astra- 
galus is usually closely applied to the tibia, and not unfrequently 
gives off a long flattened process lying on the anterior face of the 
latter bone, and thus resembles the condition found in young 
Ratite Birds before the anchylosis of the two bones has taken 
place. The metatarsals are elongated, and the feet digitigrade. In 
the manus the number of the digits varies from four to five ; while 
in the pes there may be either three or five. And in all cases their 
terming phalangeals are furnished with curved claws, which in the 
manus are very long and prehensile, and were apparently adapted 
for the seizure and retention of the living prey. 

It may further be observed that while the cervical vertebrae are 
frequently shorter than the dorsals, as in the Omithopoda, yet they 
are sometimes longer, like those of the Sauropoda ; while the ver- 
tebral arches in the sacrum are occasionally supported by single, 
centra, as in the latter. Finally, the femur, which may be either 
somewhat longer or shorter than the tibia, is generally of a more 
Crocodilian t3rpe — especially shown in its flattened head — than in 
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any other Dinosaurs, although it has a distinct inner trochanter. 
In all cases the dorsal vertebrae are amphicoelous. 

^ Family Anchisaurid^. — The least specialised forms constitut- 
ing this family, of which the name must be considered provisional, 
are mainly known from beds of Triassic age, and 



Fig. xo66 —Outer 
aspect of the crown 
of a ^th of Thecth 
d<mt 0 saunts ^latyo- 
don ; from the Lower 
Keuper near Bristol. 


are typically represented by the North American 
genus Anchisaurus {Amphisaurus), The cervical 
vertebrae are amphicoelous ; the pubes are slender 
rod-like bones ; and there are five digits in both 
the manus and the pes. The teeth (fig. 1066) 
usually have comparatively thick and short crowns, 
with a slightly convex posterior border, and 
more or less oblique serrations, which occupy the 
whole of both borders. Thecodontosaurus occurs 
in the Lower Keuper near Bristol ; the teeth of 
the type species being much smaller than the one 


figured in the woodcut. Anchisaurus (which, according to Profes- 


sor Marsh, is identical with a form described at an earlier date un- 


der the preoccupied name Megadactylus) occurs in the reputed Trias 


of the United States ; but no evidence 



has yet been presented to show how 
it differs from the European genus. 
The writer last quoted includes in this 
family the American Triassic genera 
Bathygnathus and Ckpsysaurus^ both 
of which are still very imperfectly 
known. Here may be mentioned the 
genus Massospondylus, from the Karoo 
system of South Africa and the Maleri 
stage of the Gondwana system of India, 
of which a tooth is shown in fig. 976 
(p. 1049), and the centrum of a dorsal 
vertebra in fig. 1067, These vertebrae 
approximate to those of Megalosaurus^ 
and have a fusiform internal cavity. 

Finally, it is highly probable that 
an amphicoelous cervical vertebra ob- 
tained from beds of unknown Meso- 


Fig* X067.— Lal«nd and liKferior as- 
pects of tJDe centrum of a dorsal verte- 

the Karoo system ai Basutoland. One- 
half natuml size. 


zoic age in Bathurst Island, Arctic 
America, and described under the 
name of Arctosaurus^ indicates a 


> Dinosaur more or less dosely allied 

to the present or following family. This vertebra agrees approxi- 
mately in size with that of Wamaspondy/us {Rg. 1071), but has free 
cervical ribs and a neural spine j the length and curvature of the 


ORDER DINOSAURIA* 


1167 


centrum being indicative of a long and arched neck. The occur- 
rence of a Dinosaur so far north is of extreme interest, as serving to 
show how genera common to the Old and New Worlds may have 
migrated from the one hemisphere to the other. 

Family MEGALOSAxmiDAE. — In this family the cervical vertebrae 
are (when known) shorter than the dorsals, and may be either 
amphi- or opisthocoelous ; while the dorsals often have prominent 
ridges at the base of the arches, between which are deep pits ; the 
vertebral centra, as in the last family, having a fusiform internal 
cavity. In the pelvic limb of the type genus, the femur is of a re- 
markably Crocodilian type, and is longer than the tibia. The crowns 
of the teeth (fig. 1065) are more or less tall, and much compressed, 
with the posterior border distinctly concave, and the serrations, 
which are nearly at right angles to the axis of the crown, usually 
wanting at the lower part of the anterior border. In the Lower 
Keuper of England we meet with Palaeosaurus (with which Cladyodon 
of the same deposits may be identical), of which only detached teeth 
are known. In the Upper Keuper of the Continent there occurs 
the comparatively generalised genus Zanclodon {Teratosaurus)^ which 
is not improbably iden- 
tical with Flateosaurus^ ® 

in which case the latter I j 

name should be adopt- w ^ ^ V/ 

ed. The serrations on 
the anterior borders of 
the crowns of the teeth 
continue nearly to the 
base ; the cervical ver- 
tebrae are amphicoe- 
lous ; there are but two 
vertebrae in the sacrum; 
and the astragalus does 
not give off a process 
ascending on to the anterior surface of the tibia. One of the 
species was fully as large as Megaiosaurus^ and the genus was 
probably represented in the Lower Lias of Dorsetshire. The small 
Epicampodon {Ankistrodon\ of the Panchet stage of the Indian 
Gondwanas, has teeth (fig. 1068) of a Megalosauroid type, in which 
the serrations are totally absent from the anterior border, and do 
not extend to the base of the posterior border. 

The type genus Megalosaurus has been rendered classic through 
the labours of the late Professors Buckland and Phillips, and affords^ 
an excellent and instructive instance of the gradual restoration of 
the skeleton of an extinct and uncouth form from more or less 
fragmentary remains. In Europe this genus ranges from the Stones- 




Fig. 1068. — Fragment of the mandible of Epicamp^on 
indicus; from the Panchet beds of the Gondwanas. Three 
times natural size, a, Lateral, b, Posterior aspect; c, 
Tramsversc section of tooth. (After Huxley.) 
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field Slate (Lower Jurassic) of England to the topmost Cretaceous 
of Maastricht in Holland ; and has also been recorded from the 
Upper Cretaceous of Southern India. There is good evidence of 
the existence of two species in the Wealden, An attempt at a 
restoration of the skeleton of the type species is shown in the 
accompanying woodcut. The North American Aliosaurus (of which 
the pelvis is represented in fig. 1064) appears to be a closely 
allied form of Upper Jurassic age. The nearly entire skeletons 
of the latter and other American forms have shown that certain 
very excusable errors were made in the restoration of the 
imperfect elements of the skeleton of the English genus ; and 
it is quite evident that the skull of Megalosaurus must have 

had an inferior temporal arcade, 
and that it approximated more 
or less closely to that of Cerato- 
saurus (fig. 1070), although the 
bony processes of the latter 
may have been wanting. In the 
teeth (fig. 1065) the serrations 
on the anterior border are in 



Fig. 1069.— Restorsition of the skeleton of MtffoJosaurw Bucklandt ; from the Stoncsfield 
Slate. Greatly reduced. 


some cases confined to the upper half of the crown, but in others 
extended nearly throughout. Typically there are five vertebrae in 
the sacrum ; the cervical vertebrae are opisthocoelous ; the astragalus 
has a process ascending on to the tibia ; and there were three digits 
in the pes and probably four in the manus. In the North American 
Cnosanrus we have an allied Upper Jurassic genus, in which the 
postcervical vertebrae have very deep depressions on the sides of their 
centra ; and there are but two sacral vetebne. In Ceratosaurus^ 
of the Upper Jurassic of North America, the skull (fig. 1070) is 
remarkable for carrying a single bony protuberance behind the 
terminal nare^, and a pair of similar protuberances directly in ad- 
iranc^ of ^its \ while the mandible has a lateral vacuity like 
that of thip <^ocodilia. Professor Marsh believes that the pro* 
tuberanccs on the skull supported horns. In the type specimen the 
three pelvic bones and the metatarsals were respectively anchylosed 
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together ; but this may perhaf^ be due to a pathological peculiarity 
of the individual. This genus is regarded by its describer as the 
type of a distinct family^the Ceratosaurida. Here may be men- 
tioned a small and imperfectly known Dinosaur from the Wealden 
for which the name Aristosuchus has been proposed. The type 
specimen comprises the sacrum and part of the pelvis. It is con- 
sidered by its describer that the sacrum includes five vertebrae, 
while the pelvic bones, which have a long ventral symphysis, were 
originally described as pubes, although it has been subsequently 
suggested that they may be ischia. The dorsal vertebrae referred 
to this form by Sir R. Owen have a fusiform internal cavity in the 
centrum, but it has been recently suggested that this reference is 



incorrect, and that this genus may have had dorsal vertebrae like 
those of the Calurida, in which case this form may be referable 
to Ccilurus, in which, indeed, it has been placed by Professor 
Marsh. 

Family CoMPSOONATHiDiE. — This family is represented by the 
small C&mpsognathus of the Lower Kimeridgian Limestone of 
Bavaria, and the allied or identical Hallopus of the Upper Jurassic 
of North America. In the typical genus— known only by a single 
skeleton — ^the cervical vertebrae are opisthocoelous, and much lon^r 
than the amphicoelous dorsals, and have free cervical ribs. In the 
limbs the femur is shorter than the tibia, and both the manus and 
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pes have only three functional digits ; the astragalus being closely 
applied to the tibia. The teeth and approximate to the 

Megalosaurian type. Compsagnathus was aboul two feet in total 
length; and undoubtedly hopped on its pelvic limbs, after the 
manner of a bird. Hallopus is one of the few Dinosaurs with only 
two sacral vertebrse ; the number of those of Compsognathus being 
unknown. 

Family Ccelurid.®. — This family is represented by comparatively 
small forms, ranging in size from five or six to about twelve feet 
in length* They are characterised by the vertebrae and ribs being 
completely honeycombed by cavities, communicating with a small 
aperture on the side of the centrum. The cervical vertebrae (fig. 
1071) are typically longer than the dorsals, and have the ribs 
anclTylosed to the arch and centrum, and the neural spine reduced 
to a mere ridge. The limb-bones are hollow, and the pelvis is of 



Fig. 1071. — Anterior and left lateral aspects of a cervical vertebra of Calamosfiondylus Foxi; 
from the Wealds of the Isle of Wight. Two-thirds natural sue, /rs, Prezygapophysis , 
Postaygapophjrsis ; r, Rib (restored) ; Pneumatic foramen , Neural spine. 

the ordinary Theropodous type, with a very long pubic symphysis. 
The type genus Cmlurus^ typically from the Upper Jurassic of 
America, but also occurring in the English Wealden, has the 
cervical vertebrae greatly elongated, the first few being opistho- 
and the remainder amphicoelous. In Calamospondylus (fig, 1071) 
the cervicals were shorter, and were probably all opisthocoelous ; 
the one known species being from the English Wealden. Pro- 
fessor Cope includes in this family other small Dinosaurs from 
the Trias of North America, which he identifies with Tanystro- 
pk(sus^ originally described on the evidence of extremely elongated 
caudal vertebrse from the German Muschelkalk, once referred to 
the. Sauropterygia. In these forms all the cervical vertebrae were 
amphicoelous; and the femur has an inner trochanter. Mtga- 
dafiylus^ which Professor Cope regards as identical with these 
forms, is, as uJread;^ mentioned, identified by Professor Marsh with 
Anc^aurm, ^ 

SxxBOiu>EH 3. Sauropoda. — ^W ith the third and last suborder we 
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enter upon the consideration of the largest known Dinosaurs, and 
those which make so lijUiy marked approximations to the more 
generalised CrocodSlia as" to show how closdi, is the relationship 
between that order and the Dinosauria.^ The skull (fig. 1076) 
agrees with that of the Theropoda in having the premaxillae com- 
pletely toothed, and also in the presence of a large preorbital 
vacuity ; but the external nares formed long slits in the fore- part of 
the skull as in Omithosaurs and Birds. The teeth are invariably 
set in distinct sockets and are of a spatulate form, without marginal 
serrations (fig. 1072). The sternal bones are ovate. All the ver- 
tebrae in advance of the sacrum, and sometimes those of that region 
also, have a large vacuity 
on each side of the cerf- 
trum communicating with 
a series of internal cavities, 
which give a honeycomb- 
like structure to the whole 
vertebra. This affords a 
combination of strength 
and lightness in the massive supports necessarily required for the 
huge ribs, limbs, and muscles, which could not have been attainec 
in any other manner. All the anterior vertebrae are opisthocoelous 
and in the cervical region the ribs are anchylosed to the vertebrae, 
which have no neural spines, and are longer than the dorsals ; while 
the spines of the latter are laterally expanded ; and in the sacrum 
each centrum supports its own arch. The limb bones are solid 
and since the pectoral limb is not much shorter than the pelvic, it 
appears that these Reptiles were habitually quadrupedal. All the 
feet were plantigrade, and furnished with five digits ; those of the 
pes being terminated by large curved claws. The ilium (fig. 1073) 
has its upper border only moderately arched and its postacetabular 
portion short; while the pubis (fig. 1073), which is directed down- 
wards and forwards, is stout with a comparatively small distal expan- 
sion, where it unites by a cartilaginous s5miphysis with its fellow of 
the opposite side. The ischium (fig. 1073) is likewise a stout bone 
agreeing with that of the Crocodilia in the absence of an obturator 
process ; and the two ischia have a peculiar incurving of their distal 
extremity where they meet in a symphysis. 

It may be observed that in the lateral views of the pelvis shown in the 
figures, where the bones are drawn more or less nearly in a veitK^l 
plane, it is impossible to give a true idea of the peculiar contour of the, 
distal CKtremity of the puois and ischium. These bones are really con- 
cave from above downwards on the outer (figured) aspect, and convex on 



Fig. 107a — Outer bide of a tooth of Morosau^, 
randis] from the Upper Jurassic of North America 
►ne-half natural size. (After Marsh.) 


^ Professor Cope would include the Sauropodous Dinosaurs in the Crocodilia. 
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the inner aspect ; and owing to a confusion between the proper inner 
and outer sides of the Engush specimens, only recently cleared up, it 
been considered by some palaeontologists that there was an essential 
difference between the structure of the pelvis of the English and Amer- 
ican forms. 

The femur in its straight shaft and absence of an inner trochanter 
likewise resembti^ to a considerable extent that of the Crocodilia ; 



Fie 1073.— The left lude of the pelvis of Brtmiosaurus escelsus; from the Upper Jurassic of 
Norm America. One-sucteenth natural size, nr, Acetabulum ; Ilium ; tx, Ischium ; /, Pubis , 
/I Foramen in do, (After MarZh ) 

although its head is not laterally compressed to the same extent, nor 
placed so obliquely to the distal condyles. 

In time this suborder ranges from the Upper Trias to the Cre- 
taceous, and it is especially well represented in the Kimeridge Clay 
and W^den of Europe. 
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Family AxLANTOSAURiDiE. — ^This name may be provisionally 
adopted for a family which is represented by the genera Atlanta- 
saurus^ Apatosaurus^ and Brontosaurus^ of the Upper Jurassic of 
North America, as well as by allied European types. In these huge 
forms the ischium (fig. 1073) ^ directed downwards, and its shaft is 
thick and not bent upon itself ; while the humerus is comparatively 
slender ; and the chevrons of the caudal vertebrae hlave their superior 
extremities united. The teeth have the summit of the crown not 



Fig. X074.— Posterior view of an anterior dorsal vertebra of Camarasaurus sufremus; from 
the Upper Jurassic of North Ameiica. Reduced. (After Cope.) 


much incurved. Apparently closely allied to, if not identical with, 
some of the above-mentioned genera are Atnphiccelias and Camara- 
saurus of the same formations. An anterior dorsal vertebra of 
the latter genus is represented in the accompanying woodcut ; this 
vertebra is transitional between the cervicals and later dorsals, the 
neural spine of the latter being absent. 


Professor Marsh estimates the total length oi Brontosaurs at upwards 
of fifty feet, and its weight at more than twenty tons ; and PelorosauruSy 
of the English Wealden, must have been fully equal to these dimensions. 
In respect of the former, the learned American palaeontolo^st observes, 
“ that the animal at times assumed a more erect position than is repre- 
sented in the restoration is probable, but locomotion on the postenor 
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aliOne was hardly possible. The hmd was remarkably small The 
n<!^ was long, and, considering its pK5>ortions, flexible ; and was the 
lightest portion of the verteh^^column. The body was quite short, and 
the abdominal cavity of mbdewe sitO« . . . Each footprint must have 
been about a square yard in extent The tail was large, and nearly all 

bones were solid. The diminutive head will first attract attention, as 
mis smaller in proportion to the body than in any vertebrate hitherto 
mown. The entire skull is less in diameter or actual weight than the 
fourth or fifth cervical vertebra. . . . The very small head and brain, 
and slender neural cord, indicate a stupid, slow-moving reptile. The 
beast was wholly without offensive or |#efensive weapons, or dermal 
armature. In habits, Brontosaurus was njore or less amphibious, and its 
food was probably aquatic plants or other^ succulent vegetation. The 
remains are usually round in localities whei|| the aniigai^ls had evidently 
become mired.” ^ 

Of still more stupendous bulk is Atlanto^urus immanis^ the femur 
of which has the enormous length of six feet two inches, and thus 



indicates one of the largest land animals yet known ; the only form 
which could possibly have exceeded it being the Cretaceous Tricer- 
atc^s numtioned above. It is by no means clear that all these 
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American t5rpes are generically distinct from those to be now* 
mentioned. 

. We may now proceed to the consideration of certain European 
Dinosaurs which from their more or less close alliance to the pre- 
ceding forms appewr to belong to the same family, although opinions 
to the contrary have been expressed. It may be observed in this 
connection that the study of all the European Sauropoda is beset 
with almost insurmountable difficulties owing to the circumstance 
that nearly all the specimens are disassociated, and that genera and 
species have been named on the evidence of single teeth, vertebrae, 
or bones of the limbs or hmb-girdles, so as hot to admit of com- 
parison with one another. Moreover, the unwieldy bulk of the 
specimens themselves is a bar to an exact comparison, even \jhen 
they are strictly comparaftle one with another. 

The tooth from the Wealden of the Isle of Wight, represented 
of the natural size in fig. 1075, has been made the type of the 
genus Hoplosaurus (OpM^urus)^ and it appears almost certain that 
cervical and dorsal vertebrae, and a pelvis from the same deposits, 
described under the names of Ornithopsis Hulkei and O. eucameroius^ 
are referable to the same form. These remains indicate a Reptile 
of considerably smaller dimensions than Brontosaurus^ having a 
pelvis which approximates in structure to that of Atlantosaurus, 
The ischium, which has the downward direction characteristic of 
the present family, has a length of 27 inches, and is comparatively 
wide in proportion to the pubis. The genus Pelorosaurus is typified 
by a huge humerus from the Wealden of Sussex, measuring some 
54 inches in length, which would appear far too large for the type 
species of Hoplosaurus}' A slightly larger humerus from the Kim- 
eridgfe Clay, originally described as Cetiosaurus humerocristatus^ 
appears generically inseparable from Pelorosaurus^ and its owner 
was in all probability very closely allied to an equally large form 
from the Oxford Clay, described upon the evidence of the pelvis as 
Ornithopsis LeedsL Of the latter the lumbar and caudal vertebrae 
are also known, and approximate closely, both in size and contour, 
to those of Brontosaurus^ the lumbars having a diameter of nearly 
1 2 inches across the centrum. In the pelvis the ischium measures 
nearly 36 inches in length, and is also narrower in proportion to the 
pubis than in differences which, coupled with others, 

may probably be regarded as of generic value. Referring all these 
forms, at least provisionally, to Pelorosaurus^ it would appear that this 
genus includes very large Dinosaurs closely allied both in vertebral 
and pelvic characters, as well as in point of size, to Brontosaurus^ al- 

^ Compare the proportions of this bone and of the ischium mention^ below 
with the corresponding dimensions of other Dinosaurs given in the table on the 
next page. 
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though it is probable that the humerus was relatively longer. Teeth 
from the Kimeridgian of Boulogne, upon the evidence of which the 
genus Neosodan was founded, but which were subsequently identified 
with American forms described as Caulodon^ are probably referable 
to the same species. Small vertebrae from the Kimeridge Clay of 
Swindon, upon which the genus Botkriospondylus was established, 
may perhaps be referable to a very young individual of Pelorosaurus 
humerocristatus ; while a comparatively small humerus from the 
same deposits, originally described under the preoccupied name of 
fscAyrosauruSy may indicate a smaller species of the same genus. 
Finally, of the Kimeridgian remains described as Gigantosaurus^ 
while some may be referable to F, humerocristatus^ a sacral vertebra 
may ^belong to the smaller P. Manseli above mentioned. 

The following table gives the dimensions of some of the bones of certain 
of the above-mentioned forms, together with those of others noticed below 
under the head of the Cetiosaurfdce .•-# 



Family Diflodocid^.-— The genus Diplodocus^ from the Upper 
Jurassic of North America, is typically represented by a species of 
smaller size than many of the preceding forms, and is regarded by 
Professor Marsh as the type of a family. It was originally con- 
sidered that the external nares were single, and situated at the top 
of the skull between the orbits (fig. 1076) ; but it now appears that 
they really formed long narrow slits between the premaxillae, nasals, 

^ Cattdal vertebrae of a Urger individu^ are nearly equal in size to those of 
Brontosaurus, 
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and maxillae, after the fashion obtaining in Pterodactyles and Birds. 
And it is probable that a similar arrangement exists in the other 
members of the suborder. It will be observed from the figure 
that the jugal bifurcates posteriorly to form the anterior and inferior 
borders of the orbit; while the quadratojugal joins the maxilla 
without the intervention of the jugal, which is thrust up. These 
peculiar features are repeated, as will be noticed below, in one 
genus of the Ornithosauria. The pelvis is of the general type of 



that of the last family ; but the distal extremity of the ischium is 
not expanded. 

Family Cetiosaurid-®. — This family is typically represented by 
the English genus Cetiosaurus^ which, so far as can be determined 
from the characters of the scapula and pelvis, appears to be so 
nearly related to the American Morosaurus that there seems every 
reason for including the latter in the same family. Cetiosaurus 
occurs typically in the Lower Jurassic Great Oolite, and Forest- 
Marble of Oxfordshire and Northamptonshire, where we meet with 
the huge C. oxoniensis. Comparatively small teeth from the same 
deposits, described under the earlier name of Cardiodon rugulosusy 
are of the same general type as those of Hoploscmrus^ but have rela- 
tively smaller crowns, wiA a more incurved summit, and are clearly 
distinct from the last-named genus. Professor Phillips referred 
teeth of this type to C oxaniensis^ but from their small size they 
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would agree better with a dorsal vertebra from the same deposits 
subsequently described as Bothriospondylus rolmstus. This vertebra 
is somewhat longer than the dorsals of C. oxoniensisy but need not 
be generically distinct In Cetiosaurus the caudal vertebrae have 
no distinct postzygapophyses, and articulate by two facets with the 
chevrons, of which the upper extremities are not united, as in Cro- 
codiles. The scapula is much expanded at its distal extremity, and 
the humerus, though long, is wider and shorter than in the Euro- 
pean forms mentioned among the AtlantosauridcB, The ischium 
appears to be of the same general type as that of Morosaurus (fig. 



Fig^. 1077. — The left side of the pelvis of Morasaurus grandisl from the Upper Jurassic of 
North America. One-sixteenth natural size, a, Acetabulum; 2/, Ilium; Ischium; 

Pubis. (After Marsb.) 

1077), in which the shaft is bent backwards and has no distal 
expansion, while the sjmphysis does not extend to the extremity ; 
thus causing the middle of the acetabular part to be far above the 
axis of the shaft* 

The typical species oi Cetiosaurus is com^ratively well known through 
tht labours of tlte late Professor Phillips. ITiis huge reptile was perhaps 
sopiewhat smaller than Ptlorosaurus ; and it was inferred from the well- 
ossified extremities of the limb-bones, the free projection of the head of 
the femur into the acetabulum, and the large terminal claws, that this 
creature was of terrestrial or subaquatic habits, and that it probably 
dwelt on the banks of lakes or rivers among brakes of ferns, ^cads, and 
conifiers. Frmn tht structure of a tooth {Cardiodon) found in the same 
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beds, the Cetiosaur was inferred to have been of herbivorous habits. 
How remarkably these conclusions have been confirmed by the discovery 
of the allied American forms, is now a matter of history. 


In the Wealden sacral and caudal vertebrae of the general type 
of those of Cetiosaurus^ described under the name of Cetiosaurus 
brevisy indicate a smaller form than Hoplosaurus, It is probable 
that a dorsal vertebra from the same deposits, described as Bothrio- 
spondylus elongatuSy as well as a humerus and other bones of the 
pectoral limb, to which the name Morosaurus Becklesi has been 
applied, are referable to the same form, which would appear to be 
generically distinct from CetiosauruSy and may be known as Moro- 
saurus brevis. The dimensions of some of the bones are given in 
the table on p. 1176, An ilium, from the same beds, closely 
resembles that of the American genus, and probably belongs to 
the same form. In North America, Morosaurus and the small 


Fleur ocoelus are characteristic of the Upper Jurassic. The dorsal 
vertebrae of the latter are relatively elongated, and do not exceed 
five inches in length; those of one species being remarkable for 
their very low neural ?u*ches. Small teeth 
from the Wealden (fig. 1078), once referred to r\ ^ 
Hylceosaurusy probably belong to a species of /|JB 

Pleurocoelus. These teeth are less spoon-shaped, ^wi 

and approximate more to a compressed cone lAl 1M 

than those of Morosaurus (fig. 1072); and the |H |H 

genus Fleurocoslus includes the smallest repre- H H 

sentatives of the suborder. The pelvis of ™ W 

Morosaurus is shown in fig. 1077 ; the teeth tBi || P 

(fig. 1072), although considerably larger than „,8.-Ou.« and 
those of Cardiodon and Fleurocoslus y exhibit profile views of a tooth of 
the same incurving of the crown. ' 

In the preceding forms the centra of the 
caudal vertebrse are amphiccelous ; but Titanosaurusy originally de- 
scribed from the Cretaceous of India, and subsequently found in 
the English Wealden and Upper Greensand, has procoelous centra 
to these vertebrae. The femur of this genus indicates an animal as 


large as Cetiosaurus, 

Remains of other Cretaceous Sauropoda have received distinct 
generic names, but some of them may be identical with the above- 
mentioned types. Thus we have Dinodocus based on broken bones 
from the Lower Greensand of Kent ; and yEpysaurus founded on a 
humerus from the French Cretaceous. Macrurosaurusy from the 
Cambridge Greensand, is a smaller form, with imperfectly procoelous 
caudal vertebrae. Finally, the name Thecospondylus has been ap- 
plied to a specimen from the Wealden, of which even the subordinal 
position cannot be determined, although it has been suggested, 
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Without suiScient foumiation, that k indicates a form allied to 
Cmlurus, 

Order IX. Crocodilia. — The Crocodiles of the present day 
are well-known, lacertiform Reptiles inhabiting the lakes, rivers, 
and marshes of the warmer regions of the globe \ and are the 
largest existing representatives of the entire class. If we had only 
existing and specialised forms to deal with, we should have 
no difficulty in giving a concise definition which would separate the 
order to which they belong from the Dinosauria. There occur, 
however, in the Trias a number of generalised forms which ap- 
proximate so closely to the latter order as to render such definition 
extremely difficult \ and it is quite possible that some of the under- 
mentioned characters are not applicable to the first suborder. The 
order is sometimes known as the Emydosauria. 

In all the forms the limbs and body (fig. 1079) are of a lacerti- 
form type, the former being very short, and the latter long and 



Fig. and fore-part of the body*?jil^ and hind foot of porctus ; 

from M^raA. Much i^uced. (After Giinther.) 


carried close to the ground ; while the tail is relatively long. With 
ihe exception of a few later Jurassic forms, the dorsal aspect oT the 
Tbofly carries a dermal annour i?f articulaiing or imbricating bony 
scutes, arranged in two or moi^ Jjjpgltudiilal rows (fig, 1079), and 
mirked on thar outer surface bt Si series of deep pits. In certain 
cases there may also be an afihour of similar type developed on the 
vintml surfiwjc the body. The centra of the vertebrae are either 
ampht* or proccelons, and the neuro-central suture is persistent 
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The cervical vertebrae have double pedunculate costal tubercles, 
situated one on the centrum and the other on the arch ; and the 
cervical ribs have long processes projecting anteriorly and pos- 
teriorly, which completely prevent the head from being turned 
sideways. In the dorsal region usually the four anterior vertebrae 
have the transverse process for the articulation of the tubercle of 
the rib placed on the arch, while there is a lower process, or rib- 
facet, on the centrum for the capitulum of the rib j but posteriorly 
this rib-facet rises on to the arch, and in the middle dorsals forms 
a kind of “ step ” on the transverse process, while still more pos- 
teriorly it merges with the tubercular facet The dorsal ribs have 
uncinate processes, like those of Birds ; and the chevron-bones of 
the caudal region usually have the upper limbs of the Y not united 



by bone. Normally tl^e sacrum has but two vertebrae.^ The skull 
(fig: 1080) is relatively large in proportion to the body, and is 
usually much depressed; its comp^|»ent bones are firmly united, 
and generally have a characteristic sculpture on their extemaN 
surface. The palatines and pterygoids unite in the middle line,*^’ 
and thus cloie the palate ; and very frequently one or both of th^se 
paired bones develop inferior plates, which meet beneath the narial 
passeges (fig. 1089). The quadrate is tightly wedged in among 
the adjacent bones ; the tympanic cavities usually communicate wit^ 
the mouth by three eustachian caltals ; the mandibular symphysis 
unites by suture; and there are* genially no ossifications in the 
sclerotic of the eyeball. There is almost invariably a lateral vacuity 
in the mandible (fig. 1093). The teeth are always either pointed 

^ As an abnormality three sacrals may be present 
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Fig. zo8i.— Left side of the pel 
Athgaior, //, Ilium ; /X| Ischiv 
a, ^ Acetabulum, with its 


ilvwof a wung 
ium; Py Pubis; 
Its vacuity ; /*, 
Obturator notch : tj *, ^rtilfginous pro- 
cesses of the ischium and 


and subconical, or laterally compressed. In the sternal Vepon Ifce 
sternum itself is cartilaginous ; and there is a bony inteit^vicle, but 

generally no clavicle. In 
pelvis (fig. io8i) the ilium is 
short and deep, without distinct 
preacetabular or pubic procesies : 
the ischium is stout, and devoid 
of obturator process ; while the 
pubis ^ is directed downwards , 
and forward^ and is frequency 
excluded from the acet^ulum. 
In regard to the pectoral girdle 
and limbs, it will suffice to say 
that all the bones are solid ; 
that the coracoid hue a fonta* ^ 
nelle, 'and may be^ #^ier short 
or long ; that in tjie humerus 
and femur the he«^ are im- 
perfectly differentiated, that of 
the latter being compressed and 
placed very obliquely to the plane of the condyles ; while the shaft 
of the femur has no inner trochanter. Moreover, the tibia has no 
cnemial crest at^ts proximal extremity. The habits of all the 
members of the order are quadrupedal ; and the feet (fig. 1079) , 
are plantigrade, of the hind limbs being partially webbed 
The existing Crocodiles present many peculiarities in regard to ' 
the soft parts p^hnt %ince we do not know whether the same features 
occurred in the generalised fossil forms, and cannot compare them 
with aiihiiict orders, it is unnecessary to allude to them further^ 

This order i$ i^ecuKtrly interesting, not only as containing the 
otfj existing r^piiaibe# of the Archosaurian branch ;; t>ut also since 
It affintb ii biiueitiful e^mple of %e gmSmA evolution of speci|^ised 
d^araoters as we ascend in the geological scale. 

SuBORBBH I* ^^Al£To||^^rilfA. — ^l%is provtsfond suborder includes, 
but% sini^^mily, whkb t>T Ba#* places in the Crocod^|^t^^ou|fh^^ 
frofessMr C%e reginds it moste nearly^lated t# the Hhyndto-^' 
ceplialki^ to ahkli slkjierhaps bdimgs. ^ % 

FAHit^v family ts typicaUjiyl ^ciwe #^ 

tfie gends Upper friat of Wiiitembeitjr 5 

ftwite iiith O 09 ^imm armour aM Iteibjs^ but flth thf^etai 
matAllonga^ ind approachi^ m points ^f itM>rgaifhi 
|0 the Therqifddtm Dinosauria, 10 llWeh Ftamk^ jlg^ re| 



^ It ^ been flit|^€Sted that the hoSO in a 
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it & neatly Vekted. * lypoihorax^ with pitted scutes adherent to the 
^ ribs„' i? an allied form from the reputed Trias of North America ; 
wf^kl^ofessor Cope regards as foreshadowing mijs denjaal A:^Ieton 
the carapace of the Chelonia. . - ^ ^ 

SOBoaojiR 2, Parasuchia.— This extremely generalised suborder 
is cdnfhied to the Trias, or strata of approximately equivalent age. 
It is characterised by the abscise of descending palatal plates dc; 
veioped from the roof of the mouth, so that the posterior nares (fig. 
,^1083) open directly into the latter, without the intervention of a 
se<^dary passage. ^ ^he vomers are seen on the palate ; the middle 
one of'tjhe three eustachian canals appears to be wanting^; the 
anterior nares are placed in the middle of the cranium ; and 
premaxillae have typically some twenty-one teeth|nnd are produced 
into a long rostrum. A clavicle was probably prsftent, the coracoid 
•was short rounded like that of the Dinosaurk ; while the pubis, 

as in the takes a share in the formation of the acetabulum ; 

and each ftjdt was probably furnished with five digits. The centra 
of the vertebisK are amphicoelous ; and the dorsal scutes have a 
keeldike ridge, and form only two longitudinSfl rd^s ; while those of 
‘'the Central buckler (when present) are arranged in not more than 
eight of such rows, and each scute consists of a single bone. This 
group differs very widely from the true Crocodiles, and Dr Baur 
now appe^ to regard it as a distinct order, un^ the name of 
Phytosauria. 

Family Phytosaurid.e. — This family is best khown by the type 
|;enus Phytosaurus {Belodon) ; originally described from the Keuper, 
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and the supratemporal fossa is exceedingly small. The nasals 
reached the premaxillae and completely surrounded the nares — thus 
presenting a feature unknown in any other vertebrate; while the 
orbits were somewhat irregular in contour, and directed in part 
laterally, and in part frontally. The teeth are sharp and pointed, 




Fifl;. X083. — Frontal and palatal aspects of the cranium of Ph^tdtaurvs c^tindricodcn. The 
antmor vacuities in the upper figure are the anterior nares, and the slits in the lower £gure 
are the posterior nares. (^er Meyer.) 


with serrated antero-posterior ridges (carinae) ; and in the anterior 
part of the jaw (fig. 1084) are subcircular in transverse section, 
but posteriorly are laterally compressed. There was no ventral 
armour. In the ^parently nearly allied StagonoUpis^ of the Upper 

Trias (Keuper) of Elginshire, there 
was, however, a well-developed ventral 
dermal armour; the teeth were blunt 
and swolleii ; and^ the pattern of the 
sculpture on the dorsal scutes was 
South OvDiiiw. lUducmi. different This genus was originally 

^ founded upon the evidence of these 

scutes, which were thought to have telonged% a Ganoid Fish. 
The name Episce^saurus has beeii applied to a North American 
l^kssic form which is regarded by Prc^essor Cope as allied to 
Pf^faurus. 

Family ParasUChiDjB. — The single genus Parasucktts occurs 
in tbe same lower Mesozoic horizon (M^ri beds) in India which 
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yields the remains of Phytosaurus^ and is very imperfectly known. 
It differs from the preceding family by the structure of the ventral 
part of the basioccipitai, which approximates to the Rhynchoceph- 
alian type. 

Suborder 3. Eusuchia. — This suborder is taken to comprise 
all the post-Triassic Crocodilia. These were, indeed, originally 
divided into two suborders, but subsequent researches have shown 
that they are so closely connected as to render such division inad- 
visable. In all these forms the premaxillae, maxillae, and palatines 
develop inferior palatal plates meeting in the middle line beneath 
the narial passage, and thus completely separating the latter from 
the mouth, and causing the formation of secondary posterior nares, 
which in some instances are situated immediately behind the p^a- 
tines, but in others (as in the figure of Crocodilus given on page 
1192), owing to the development of similar plates by the pterygoids, 
behind the latter bones. The object of this peculiar arrangement 
is to enable these animals to drown their prey by holding it in their 
open mouths under water, which is thus entirely prevented from 
entering the air passages. A gradual evolution of this structural 
feature can be traced from the last suborder, where it is entirely 
wanting, to the generalised, and thence to the most specialised, 
members of this division. Other characteristic features are found 
in the terminally -situated, and usually undivided, nares ; in the 
non-appearance of the vomers on the palate ; in the bony middle 
eustachian canal; and the presence of not more than four or 
five teeth in the premaxillae. There is no clavicle; the coracoid 
is much elongated; the pubis is entirely excluded from the ace- 
tabulum (fig. 1081); and there are five digits in the manus and four 
in the pes (fig. 1079). This suborder may be divided into two 
series according to the development or non-development of palatal 
plates by the pterygoids, and the form of the vertebrae. 

The occurrence in all the groups of the Eusuchia of long-jawed 
short-jawed forms is so suggestive of the direct origin of the existing 
Gharials from long-jawed Mesozoic types, and of the Crocodiles and Alli- 
gators from short-jawed forms of the same epoch, that Dr Koken adopts 
this view, and divides the families according to this grouping. There is, 
however, considerable difficulty in accepting this view, since it would 
appear unlikely that all the modem Crocodilians would have attained 
such a similarity in cranial and vertebral characters if th^y had totally 
different origins. ^ ^ 

A. AMPHicqtUAN SERiES.-^iD this the more generalised series 
the centra of the vertebrae are usually amphiccelous ; the pterygoids 
do iK)t develop palatal plates ; and the dorsal scutes are usually 
arranged in only two longitudinal rows, and are keel-less. The 
ventral buckler is generally divided into an anterior and a posterior 
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portion, but may be single ; while in the transverse rows of this 
buckler the scutes always imbricate anteriorly, but in the posterior 
part usually articulate by suture ; each scute being invariably com- 
posed of a single piece of bone. 

It may be incidentally mentioned here that while in the anterior 
region of the ventral buckler of all Crocodiles the component scutes 
of each transverse row articulate together by suture with those on 
either side, yet, as will be gathered from the foregoing characters, 
in the posterior portion of the same buckler in the present series 
the articulation of the different transverse rows with one another 
may be either by suture, or by imbricating like the tiles on a roof. 

The present series ranges in time from the Lias to the Lower 
and Middle Cretaceous, and is especially characteristic of the 
European strata. 

Family TELEOSAURiDiE. — The members of this family are readily 
distinguished from the more specialised forms by the circumstance 
that the supratemporal fossae are always much superior in size to 
the orbits, and that the latter are completely separated by a bony 
bar from the infratemporal fossae; both these features being well 
shown in the accompanying figure of the cranium of Steneosaurus, 
In front of the orbit there is always a w^l-marked vacuity (not 



Fig. io85.>-Upper view of the cranhun of SUtuosaurut i(eherii; from the 0 } ford CUy of 
Frarioe. Much reduced. The bones on the right side of the rostrum are imjperfect, and there 
ahouU have been a line connecting the apex of the frontals with the suture dividing the maxiUm. 
Ttie large vacuities bdbind the oniits are the supratemporal fosse, below which are the infra* 
tetnporal fossae. 

shown in the figure) ; the dorsal scutes, when present, are rounded, 
and arranged in two lon^tudinal rows ; while the ventral buckler is 
^divided, and the component scutes of the posterior transverse rows 
aS^e united by suture. The axis vertebra carries two facets for its 
as in Dkosaurs. The members of this family were of marine 
and range throughout the lias and jura^ic system of 
Euiope. Tliey may be divided into two subfamilies. 

In the subfiimily TeUesauHna the skull is generally produced into 
a long slender rostrum, like that of the existing Gharial ; the nasals 
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are separated by a long interval from the premaxillae ; the orbits are 
of regular contour, and directed more or less completely frontally ; 
while the nares look more or less anteriorly. I’he dermal armour 
is fully developed, and sclerotic plates were not present in the eye. 
The type genus Teleosaurus comprises small or medium-sized species, 
and is readily characterised by the teeth being inclined horizontally 
outwards, and extremely numerous. It is confined to the Lower 
Jurassic, and is abundant in the Stonesfield slate of Oxfordshire, 
and the nearly equivalent beds of Caen, in Normandy. The most 
abundant genus is, however, Steneosaurus (fig. 1085), which 
Mystriosaurus may be included, characterised by the elongated 
snout, the nearly vertical direction of the teeth, and the large size 
of the supratemporal fossae, which in some species attain enormous 
dimensions. In the Liassic forms, separated generically by some 
writers as Mystriosaurus^ the orbits are somewhat oblique, and the 
supratemporal fossae are never excessively large ; but in the numer- 
ous species of the Lower and Middle (Oxford Clay) Jurassic the 
direction of the orbits is entirely frontal, and the supratemporal 
fossae are very large. In the figured *S. Heberti^ of the Lower part 
of the Oxford Clay, the skull is somewhat intermediate in these 
respects ; the orbits ^jging slightly oblique, and the supratemporal 
fossae large. This genus does not appear to have survived above 
the Kimeridge Clay. \ii Pelagosaurus (fig. 1086) we have an 



Fig. X086.— Right lateral view of the skull of Pelagosaurus iypus; from the Upper Lias of 
Normandy. Reduced. T*, Supratemporal fossa ; O, Orbit. 

allied genus, represented only by two species of Liassic age ; it is 
distinguished from the preceding by several characters ; but more 
especially the form of the posterior nares, and the smaller and 
rounded supratemporal fossae. The remains of the small P. iypus 
are especially abundant in the Upper white Lias of Normandy, and 
the marvellously perfect preservation of s^me of the skeletons has 
enabled the bony anatomy of this species to be as completely^ 
studied as in the case of an existing form. In Machimosaurus^ of 
the Kimeridge Clay (Upper Jurassic) of both England and the 
Continent, and Teteidosaurus^ of the Fullers’ Earth (Lower Jurassic) 
of Normandy, we have two genera in which the skull becomes much 
shorter and broader, the teeth stouter and less numerous, and the 
orbits more oblique ; and which thus connect the present with the 
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next subfamily. Mackimosaurus^ which occurs both in France and 
England, is the largest member of the order, the length of the 
mandible exceeding 50 inches ; the skull has been referred to 
Fiiosaurus, The teeth closely resemble those of Goniopholis^ 
having conical and deeply fluted crowns. 

With the second subfamily, or Metriorhynchina^ we come to a 
very remarkable group of Crocodiles, presenting certain specialised 
features unknown elsewhere in the entire order. The skull (fig. 
1087) is either of moderate length or comparatively short; the 
nasals are either in contact with the premaxillae, or separated there- 
from by a short interval ; the nares are directed frontally ; the orbits 
are of very irregular contour, and placed completely on the sides of 
the skull; and the teeth, which are never very numerous, are 
always of considerable size, and directed more or less nearly 



Fig. 1087 —The cranium of Metriorhjmchus hoMjer; from Ae Kimeridge Clay of Normandy. 
One-sixth natural size, pmx^ PremaxiUa , mjt, Maxilla ; na^ Kasai , <z, Prefrontal ; /r, Frontal ; 
dr, Orbit. (After Deslongchamps.) 


vertically, while there is no vacuity in the mandible. The most 
remarkable features of the group are, however, the development 
of a ring of bony plates in the sclerotic of the eye, and the 
general or univeri^ absence of a dermal armour. It is, indeed, 
very curious to notice the correlation of these two features, since 
there is no known instance of the presence of both sclerotic plates 
and of dermal scutes in any reptile. The pelvis of this subfamily is 
also worthy of notice. Thus the ilia are very small subtriangular 
bones articulating with long and downwardly curved sacral ribs ; 
while the ischia are enormously large, with the shape of an isosceles 
triangle. This presents a remarkable contrast to Sittuosaurus^ where 
the sacral ribs are straight and directed outwards, while the ilium is 
larger, with a considerable portion projecting above the costal artic- 
ulation. In the genus Metriorkymhus the skull (fig. 1087) is of 
m^iderate length, and frequently somewhat slender, with the frontal 
region slightly sculptured ; there is a more or less well-marked pre- 
maxillary eaqpansion ; the prefrontals {a) are very large, and over- 
hang the orUts \ while the teeth are curved and carinated, with the 
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enamel generally fluted at the base of the crown, but without ser- 
rations on the carinae. The pectoral limbs are extremely small. 
This genus ranges from the Oxford Clay to the Portland Oolite. 

In the Oxford Clay and Kelloway rock, both of the Continent 
and England, we meet with M, superciliosus and M, moreli^ which 
are readily distinguished by the sculpturing of the frontals and 
the form and relations of the prefrontals. Beautiful examples 
of this genus occur in the Oxford Clay near Peterborough, which 
exhibit the absence of dermal scutes ; a skull from this locality, 
to which the name Steneosaurus dasycephalus has been applied, 
may be referred to M, superciliosus. The Portlandian form was de- 
scribed as Steneosaurus gracilis. It is probable that Gnathosaurus 
and Rhacheosaurus are synonyms. The most specialised genus is 
Geosaurus (Cricosaurus or Dcu:osaurus\ in which the skull is com- 
paratively short, and is devoid of frontal sculpture, and also of the 
premaxillary expansion; while the teeth (fig. 1088) are compressed, 
smooth, and carinated, with distinct serrations on the carinae. The 
type species, which occurs in the Lower Kimeridgian of Bavaria, 



Fig. 1088. —Crown of tooth of Giosaurus ntaximus; from the Kimendge Clay of Ely. 

(After Wood* Mason.) 

and is of comparatively small size, was long thought to belong 
to the Mosasauridce, A much larger form, occurring in the 
Kimeridge, and perhaps the Oxford, Clay of England and the 
corresponding beds of the Continent, has been described under 
the name of Dacosaurus^ but can be only specifically distinguished 
from the type, A tooth is shown in the accompanying woodcut. 
It is not improbable that vertebrae from the Lower Greensand of 
Germany, described under the name of Enaliosuchus^ indicate a 
closely allied form. 

As members of this family, of which the serial position is uncer- 
tain, may be mentioned small forms respectively from the Kimerid- 
gian of Bavaria and France, to which the names jEolodon and 
Crocodikemus have been applied, both of which have a dermal 
armour; the ventral shield consisting of a number of small and 3 
closely*joined scutes. In the type of jEolodon these scutes are only 
slightly pitted, and the teeth alternate in size. 

Family Goniopholididac.*— The members of this family resemble 
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existing Crocodiles in having an open channel connecting the infra- 
temporal fossa with the orbit The orbits themselves are, more- 
over, usually but slightly smaller than the supratemporal foss®, or 
only exceed them but little in size; while there is no preorbital 
vacuity. The dorsal scutes are rectangular, and may be arranged 
either in two or in sevml longitudinal rows; while the ventral 
armour may form either a single or a double buckler, in which the 
posterior transverse rows of scutes may either imbricate or articulate 
by suture. The members of this family inhabited freshwaters, and 
they range in time from the Purbeck (Upper Jurassic) to the Weal- 
den (Lower Cretaceous), and not improbably also to the Upper 
Greensand. Nearly all the known forms are European, 
genus which may belong to this family is American ; and the family 
is probably also represented in the Cretaceous of India, Three 
subfamily divisions have been proposed, but before discussing these 
we may allude to the genera Suchosaurus of the English Wealden, 
and Hyposaurus of the Cretaceous of North America and Brazil, 
which not improbably belong to this family, although their precise 
affinities are not yet satisfactorily determined. The type of the 
former genus is of very large size, and has the teeth greatly com- 
pressed ; while in the latter the posterior teeth are of this type, but 
the anterior ones are rounded like those of Goniopholis^ and the 
symphysis of the mandible is elongated. 

The first subfamily, or Petrosuchince, is very imperfectly known, 
and is represented only by the genus Petrosuchus^ of the English 
Purbeck beds, in which the posterior nares are placed near the 
middle of the skull, as in many of the Tekosauridm^ and the orbits 
are considerably smaller than the supratemporal fossae. The 
cranium itself is of moderate length. 

The members of the second subfamily, fr Goniopkolidina^ have 
the posterior nares placed more posteriorly ^n in the preceding 
group ; while there are two longitudinal rows of dorsal scutes ; and 
the ventral buckler is divided, with the transverse row§ o^ scutes in 
the posterior portion articulating by suture. In tlie^tst, or Longi- 
rostrine, section of this subfamily the skull is elongated like that of 
the existing Gharial ; the nasals do not reach the nares, the splenial 
bone enters into the mandibular symgtosis, and the teeth are 
numeious, and all nearly similar in size. % is represented only by 
Pkolidasaurus {Ma(rorhynckus) of the German aafl English Weal- 
detu In the Brevirostrine sectioh, on the other hand, the skull is 
short, like that of the true Crocodiles, the nasals sometimes reach 
• the nares, the splenial enters but very slightly into the symphysis of 
the man^ble, and some of the teeth are much larger than the 
others. The dorsal the peculiarity of articulating 

with one another a at one angle which fits into a 
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socket in the adjacent saxte ; an arrangement very similar to that 
obtaining in the scales of certain Ganoid fishes. The genus Gonio- 
pholis is very characteristic of the Wealden and Purbeck, and has a 
cranium of moderate length, with the nasals not reaching the nares, 
and the orbits rather smaller than the supratemporal fossae. The 
type species attained very large dimensions, and was long since 
made known to the world by the late Dr Mantell, under the name 
of the Swanage Crocodile ; its blunt and grooved teeth, and charac- 
teristic scutes, being comparatively common in the Wealden stone 
quarries of Sussex. This genus has been recently recorded from 
the -Jurassic of North America, where it had been previously de- 
as Amphicotylus, Allied but considerably smaller forms 
from the Dorsetshire Purbeck constitute the genera Nannosuchus 
and Oweniasuchus {Brachydectes). The most specialised genus, 
however, appears to be the minute Theriosuchus of the Purbeck, 
which, in having the orbits slightly larger than the supratemporal 
fossae, approximates to the next subfamily, although retaining the 
pegged dorsal scutes of Gontophoiis, The nasals in this genus reach 
and partly divide the nares, as in the true Crocodiles ; and we thus 
have a comparatively close approximation to existing forms, which 
is rendered still more manifest by the members of the next group. 

In the genus Bernissartia^ of the Belgian Wealden, which forms 
the type of the subfamily Sernissarttinm^ the skull is comparatively 
short and broad, and has the posterior nares placed very close to 
the occipital condyle ; while the orbits are decidedly larger than the 
supratemporal fossae. Like existing Crocodiles, these reptiles were 
provided with more than two longitudinal rows of dorsal scutes 
(which have no peg-and-socket) ; while their ventral buckler is un- 
divided, and has the transverse rows of scutes imbricating throughout. 
The resemblance to esipting forms being completed by the pectoral 
limbs being considenj^ly shorter than the pelvic pair. The verte- 
brae, howefer, still retained the primitive amphicoelous character. 
It seems provable, from the position of the posterior nares, that the 
imperfectly kfibyAi genus Hylmochampsa, from the English Wealden, 
is a closely allied form of rather larger dimensions ; and it is not 
unlikely that certain procoelous vertebrae from the same formation 
which have been describgijk under the name of Heterosuchus may be- 
long to this form ; whild^hers from the Cambridge Greensand and 
the Greensand <bf Austria, which have been referred to Crocodiius, 
may also indicate allied reptiles, Although there is a possibility that 
the owners of these vertebrae belonged to the next series. It will 
thus be seen that if Ifyiaockampsa^ or an allied form, had such pro- 
coelous vertebrae, it would only require the development of palatal 
plates to the pterygoids to coAv^t;^ i<lO a Crocodilian of the 
modem type ; and it is highly piic^ble that such a form once ex- 
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isted, since it is most unlikely that the change from amphicoelous 
to procoelous vertebrae took place precisely at the same time as the 
pterygoids developed palatal plates. On the other hand there is an 
equal primd facie probability that these two changes may have 
occurred in the reverse order to that indicated above. 

B. Proccelian Series. — In this series the vertebrae, with the 
exception of five, are procoelous ; the pterygoids develop palatal 
plates to prolong the narial passage (fig. 1089) ; and all the 

eustachian canals are enclosed in 



Fig. 1089. — Palatal aspect of the cranium 
of CrocoduHs. Reduced Ptnx^ Premax* 
ilia ; maxilla ; PI, Palatine ; Ts^ Trans* 
verse; Pt, Pterygoid; Jg, Jugal; Qj, 
Quadratojugal ; Quy quadrate ; Ob, Basi* 
occipital : Cocc, Occipital condyle ; Orb, 
Orbit ; Ck, Posterior nares. 


bone. The dorsal scutes are, more- 
over, always arranged in more than 
two longitudinal rows; and when 
there is a ventral buckler it is un- 
divided, and invariably consists of 
more than eight rows of imbricating 
scutes, in which each scute is com- 
posed of two separate pieces of bone. 
The axis vertebra differs from that of 
the Teleosauridce^ in having no costal 
articulations; its rib having been 
shifted forward on to the centrum of 
the atlas, or odontoid process. 

Family Crocodilid^. — All the 
sufficiently known members of this 
series may be included in a single 
family, which agrees with the Gonio- 
fholididce in the free communication 
of the infratemporal fossa with the 
orbit, which is considerably larger 
than the supratemporal fossae. This 
family is first definitely known from 
the Upper Cretaceous, and contin- 
ues to the present day, being repre- 
sented in the freshwaters of most 
of the warmer regions of the globe. 
If, however, the procoelous vertebrae 


mentioned in the last series from the Greensand and Wealden 


tesdly indicate members of the present family, it will date from the 
latter horizon. The form of the skull affords grounds for two sec- 
tional divisions. 


Tile Longirostrine section is represented at the present day only 
by the true Gharial {Garialis) of the Ganges, and SchlegeFs Gharial 
of Borneo. The skull is produced into a long narrow rostrum (fig. 
1091), with the dental border^ nearly straight; the nasals never 
extend to the anterior nares, and are frequently separated from the 
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premaxillae ; the supratemporal fossae are of somewhat large size, 
and sometimes exceed the orbits in this respect ; while the mandi- 
bular symphysis is very long, and embraces the anterior portion of 
the splenial bone. The teeth are always numerous, and are only 
slightly unequal in size ; and neither of the existing species is pro- 
vided w'ith a ventral armour. In this group Rhamphosuchus^ of the 
Pliocene of the Siwalik Hills of India, was a gigantic form probably 
between fifty and sixty feet in length, and characterised by the stout- 
ness of the teeth, of which the upper series bites on the outer side 
of the lower, as in the Alligators, instead of interlocking with them 
as in other members of this group. In Thoracosaurus, again, of 
the Cretaceous of North America, we have a genus remarkable for 
retaining the preorbital vacuity of the Teleosauridce^ and in having 
the supratemporal fossa larger than the orbit; 
both these features apparently pointing to the 
direct descent of this genus from the last-named 
family, without having passed through the inter- 
mediate stage of the Goniopholidida, The exist- 
ing Indian Garialis gangeticus, of which the den- 
tal succession is shown in fig. 1090, is one of the 
existing species of Reptiles of which remains are 
found in the Pliocene of the Siwalik Hills. The 
same deposits have also yielded two more or less 
nearly allied extinct species ; while in the some- 
what older beds of Sind there occur two other 
species differing considerably in the form of the 
orbit and other cranial characters from the existing 
representative of the genus. One of these extinct 
species (G. pachyrhynchus) appears to have attained 
dimensions fully equal to those of Rhamphosuchus, 

Another Gharialoid provisionally referred to the 
present genus occurs in the Middle Eocene of 
Bracklesham, in Sussex; while species from the 
Cretaceous of North America, which have been 
described under the generic name of Holops^ may 
prove to be allied either to the present or to the 
next genus. In Tomistoma, typically represented in 

by the existing T. Schlegeli of Borneo, may be in- use(a). (After Owcn.) 
eluded the fossil forms described under the names 
of Melitosaurus and Garialosuchus (fig. 1091). This genus is 
readily distinguished from Garialis by the circumstance that the 
nasals extend forwards to articulate with the premaxillae (fig. 1091), 
instead of being separated from them by a long interval. A large 
fossil form {Melitosaurus) occurs ip the Miocene of Malta, and a 
smaller {Garialosuehus) in that of Austria. Another Gharialoid, 



Fig. lOTO. — Teeth 
of Garialis gangeti- 
cus, showing succes- 
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from the Upper Cretaceous of France and Maastricht, originally de- 
scribed as Garialis macrorhynchus, has also been provisionally in- 
cluded in the same genus. This form is, however, referred by 



Fig 1091. — Frontal aspect of the cranium of romtstoma eggenhurgense ; from the Miocene of 
Austria One-tenth natural size /wjr, Premaxilla, wa, Maxilla na, Nasal, /a, Lachrj^al 
&■, Frontal; <zr, Orbit. The vacuity behind the orbit is the infratemporal fossa (After Toula 
and Kail ) 


Dr Koken to Thoracosaurus, although it has no preorbital vacuity, 
and the nasals reach the premaxillae. It appears to connect the 
typical Thoracosaurus with the existing Tomtstoma. Finally, the 



Fijf. 1002. —Oblique left lateral and superior view of skull of Crocodilus Palustrisl India. 
Mt|ch wxuced. The two smai^l vacuities to the right are the supratemporal fossae, those in 
ad^nce are the orbits, while tne single vacuity to the left is the nares ; the bones in advance of 
the latter are the premaxUlae, and those behind the nasals. 


imperfectly known Thecachampsa^ from the Miocene of North 
America, should probably be placed in the present group. 

The second, or Brevirostrine section, includes the true Crocodiles 
and Alligators, and is characterised by having the skull short, or 




ORDER CROCODILIA. 


1195 


moderately elongated, with its dental borders thrown into distinct 
festoons (fig. 1092) ; by the nasals always reaching the premaxillse, 
and frequently extending down to the anterior nares (as in fig. 1092) ; 
and also by the orbits being always larger than the supratemporal 
fossae. The short symphysis of the mandible, from which the 
splenial element is entirely excluded (fig. 1093), is another striking 
feature. The teeth, moreover, vary in size in different parts of the 
jaws ; and usually the third and ninth in the upper, and the fourth, 
and frequently also the first and eleventh, in the lower jaw (fig. 



an CO s sy 

Fig. 1093. — Inner view of the left ramus of the mandible of a Crocodile, Reduced. /»«, Angular ; 
Articular ; coy Coronoid ; Dentary ; r, splenial , Surangular ; sy^ Symphysis. 


1093), are considerably larger than any of the rest. In the type 
genus Crocodilus the upper and lower teeth mutually interlock ; the 
first lower tooth bites into a perforation or a pit in the cranium, 
and the fourth into a lateral notch ; while the third lower tooth is 
small. There is, moreover, no ventral armour. This genus is now 
distributed over nearly all the warmer regions of the globe, and it 
appears to have had an equally extensive distribution in Tertiary 
times. 

The earliest representative of this genus seems to be C, Spenceri^ oi 
the Lower Eocene of both England and Italy, which was a species with 
a comparatively long muzzle like that of the living American C, interme- 
dins, The genus is also represented in the Middle Tertiaries of Europe 
and North America. In the Pleistocene of Queensland we meet with 
remains of the existing C. porosus (fig. 1079), which now ranges from 
Australia to Eastern India ; while in the Pliocene of the Siwalik Hills of 
India there occur species closely allied to the short-snouted C. palustns 
(fig. 1092) of that country, which makes the nearest approach in cranial 
characters to the Alligators and their allies. 

Diplocynodon is an extinct genus found in the Tertiaries of both 
Europe and North America, which presents characters intermediate 
between Crocodilus and Alligator, Thus the cranium (fig. 1094) is 
very short and broad ; the upper teeth bite on the outer side of the 
lower; the fourth lower tooth is normally received into a notch 
(but occasionally into a pit) in the cranium ; the third lower tooth 
is as large as the fourth ; and there is a complete ventral armour. 
In Europe this genus ranges from the Upper Eocene to the Lower 
Miocene (Upper Oligocene), and is common in the Tertiaries of the 
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south of England, and also in those of France and Germany ; some 
of the species from the latter deposits having been described as 
Alligator. The genus has also been recorded from the Upper 
Eocene of North America. The last, and in respect of cranial 
characters the most specialised, group of Crocodiles is now divided ^ 
into the two genera Caiman and Alligator. In these forms both 
the first and the fourth lower tooth are received into pits in the 
upper jaw, so as to be concealed when the mouth is closed ; the 
upper teeth bite on the outer side of the lower ones ; the supratem- 
poral fossae are very small, and are occasionally obliterated ; and 
the third lower tooth is smaller than the fourth. Caiman is dis- 
tinguished by the presence of a ventral armour, and also by the 
circumstance that the nasals do not extend across the nares ; and 



Fig. X094. — Oblique left lateral and palatal view of the facial part of the cranium of Dij^hcynodon 
kantimtentis ; from the Upper Eocene of Hampshire. Reduced. 


is now confined to Central and South America. In Alligator, on 
the other hand, which occurs at the present day in North America 
and China, the ventral armour is absent or extremely thin, and the 
nasals extend forwards so as to divide the narial aperture. Remains 
which are probably referable to Caiman occur in the Pleistocene 
cave-deposits of Brazil ; but it does not appear that there is any 
certain evidence of fossil species of Alligator; the European, and 
probably some of the North American forms which have been re- 
ferred to that genus, belonging to Diplocynodon. Finally, the name 
Jsselosaurus has been recently applied to Crocodilian remains from 
the Middle Eocene of France which may really belong to one of the 
above-'mentioned genera. 

Order X. Ornithosauria — ^The Pterodactyles, as the mem- 
bers of this extinct order are commonly termed, are among the 
most remarkable and strange Reptilian forms that Palaeontology has 

^ According to the arrangement adopted by Mr Boulenger in his British 
Museum Catalogue of this order. 
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yet revealed to us. So strange, indeed, are they that some autho 
rities have considered that the 
Ornithosaurs are entitled to rank 
as a distinct class; but they are 
essentially Reptiles, and agree in 
their intrinsic characters with the 
other two orders placed in the 
branch now under consideration. 

All their organisation is, however, 
modified for the purpose of flight 
through the air. Thus the body 
was supported during flight by a 
membranous expansion, or pata- 
gium^ which was mainly borne by 
the greatly elongated phalangeals 
of the ulnar, or outermost digit of 
the manus (fig. 1095, marked iv) ; 
but which also extended along the 
sides of the body to embrace the 
hind limbs and tail (fig. 1098). 

The vertebrae are proccelous, and 
have their neuro - central suture 
obliterated ; the precaudal series 
is not numerous ; the cervicals are 
longer than the dorsals ; and from 
three to six vertebrae are anchy- 
losed together to form the sacrum. 

The cervical ribs in those cases 
where they have been observed 
are of the Crocodilian type. The 
skull (figs. 1096, 1097) is rela- 
tively large ; and although more 
or less bird-like in general con- 
tour, yet maintains the reptilian 
type by the presence of the supra- 
temporal fossae, bounded by the 
junction of the postorbital with the 
squamosal bone. Bird-like resem- 
blances are, however, shown by 

the circumstance that the bones of TTu^tyius. 



Right pectoral Hmb of 
- Sternum 
k, Hu- 
Ulna; c, Carpus; 


the skull anchylosed together at mems; r, Radius; ^ ^ 

, j ..L .. i-iv, Digits. These should have been num- 

an early age; and that the two bcr^ii-v. 
rami of the mandible were com- 
pletely welded together at their symphysis. Moreover, as in Birds, 
the greater portion of the upper jaws is formed by the premaxillse ; 
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the nares are similarly approximated to the orbits, with the inter- 
vention of a preorbital vacuity, which (fig. 1096) may be very 
large; while the occipital condyle is situated on the base of the 
cranium ; and the orbits are large, and there is generally an ossified 
ring in the sclerotic. The teeth are invariably simple and pointed ; 
and ire always iftiplanted in separate * sockets. In the pectoral 
girdle the scapula and cocacbid are long and bird-like, and the latter 
has no fontanelle ; there were ho clavicles ; but there was a broad 
heart-shaped sternum (fig. 1095, b), carrying a meiiian keel superi- 
orly, The angle of junction of the scapula and coracoid, as well 
as the keeled sternum, curiously resemble the corresponding parts 
in the skeleton of the Carinate Birds, and are consequently totally 
unlike those of the Ratitae. The carpus consists of two main bones, 
one distal and the other proximal ; ^ while on its radial side there is 
a small styliform ossification, regarded by Professors Owen and 
Marsh as the representative of the pollex — an identification which, 
if correct, will make the four remaining digits which are usually 
present the 2d, 3d, 4th, and 5th of the typical series, and not the 
I St, 2 d, and 4th as they are regarded by some writers (fig. 
1095). phala%eals of the ulnar digit, as already mentioned, 

are enonrfously elongated, and the terminal joint has no claw. 
The pelvis is relatively weak ; and although the ilium is extended 
on both sides of the acetabulum, the structure of both this region 
and of the pelvic limbs is far removed from the avian type. 
Thus the pubis (or prepubis) is directed forwards, and the ischium 
is short and wide ; while the pelvic limbs are relatively short. The 
fibula is, however, always fused with the tibia ; and the astragalus 
may also unite with the latter bone ; although the metatarsals always 
remain distinct both from one another, and also from the distal 
row of the tarsus. The greater number of the bones are hollow, 
and are frequently provided with pneumatic foramina, like those of 
Birds. The brain was bird-like, and the body was probably naked. 
In time this order ranges from the Lias to the Upper Chalk ; and 
was especially abundant in the Upper Jurassic and Cretaceous 
strata of both the Old and New Worlds, Although the skeleton 
presents many remarkable resemblances to the Carinate Birds, yet 
these must be regarded as mainly due to adaptation for a similar 
mode of life ; since it seems clear that the Pterodactyles are 
altogether off the direct line of the Avian pedigree. 

Suborder i. Pteranodontia. — In this suborder teeth are 
totaOy wanting, and the jaws were probably completely ensheathed 
*in horn, like those of Bir^. The skull (fig. 1096) has an enormous 
supraoccipital crest, projecting far behind the occiput ; and the nares 


* The carpus is erroneous in fig. 1095. 
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were completely confluent with the preorbital vacuities. According 
to Professor Marsh, these reptiles were mostly of gigantic size ; some 
having a spread of wing of nearly or quite 25 feet. And in order 
to aid the powerful patagium in flight, the pectoral girdle was 
generally strengthened by the anchylosis of several vertebrse, and 
by the robust scapulae articulating to the spines of these anchylosed 



Fiff. 1096. — Left lateral view of the skull of PUranodon longiceps] from the Cretaceous of 
North America. One-twelfth natural size, a, Nares and preorbital vacuity; Orbit; c, 
Supraorbital crest ; rf, Angle of mandible ; Quadrate ; Symphysis (After Marsh.) 


vertebrae; this peculiar feature being virtually a repetition of the 
pelvic girdle and sacrum on a much larger scale. 

Family PTERANOOONTiDiE. — The type genis Pter 0 $m 4 ^ (fig. 
1096) occurs in the Cretaceous of North America; and although 
its members are generally of large size, it is also represented by one 
small species — P. nanus. The coracoid and scapula were united, 
but the oral aspects of the jaws have not the ridge and groove 
found in Ornithochirus. Ornithostoma, of the Cambridge Green- 
sand, may have been an allied form. In Nyctodactylus^ of the North 
American Cretaceous, Professor Marsh thinks that none of the 
dorsal vertebrae were anchylosed ; and on this account the genus 
should perhaps form the type of a distinct family. 

Suborder 2. Pterosauria. — In this, the typical, suborder teeth 
are present in both jaws ; the cranium (fig. 1097) has no long supra- 
occipital crest directed backwards, and generally has the nares more 
or less completely separated from the preorbital vacuities. The 
scapula is (at least usually) not anchylosed to the neural spines of 
the dorsal vertebrae, which are distinct from one another. This sub- 
order is mainly European. 

Family PterodactylidjE. — In the typical family the tail is 
short (fig. 1097); the jaws are toothed to their extremities; and 
the length of the metacarpus considerably exceeds half that of the 
ulna (fig. 1097). The skull, which is extremely bird-like, may be 
either long or short, and has the nares imperfectly separated from 
the preorbital vacuities ; while in the pelvic limb the ^tragalus is * 
always distinct from the tibia. In Europe this family is especially 
characteristic of the Upper Jurassic, and is abundantly represented 
in the Lower Kimeridgian lithographic limestones of Bavaria, which, 
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from their fine structure, have preserved not only the smallest bones, 
but not unfrequently also the impression of the membranous pata- 
gium. All the forms which can be certainly referred to this family 
are of small or moderate size. In Ptenodraco^ of the lithographic 
limestones, we have a small Pterodactyle not larger than a sparrow, 
with a skull of very much the same contour as that of the latter, in 



Fig. *097.— Nearly entire skeleton of Pterodactylus s^eciabilis; from the Kimeridgian of 
Bavaria, llie venti^ aspect is shown , and on the right side the ilium, and on the left the pubis 
{a) is exposed. 


which the teeth are confined to the extremities of the jaws, and the 
nares do not appear to be separated from the preorbital vacuities, 
Pterodactylus itself (of which Ornithocephalus^ and Diopecephalus 

^ It hfts been proposjwi to take the name Omithocephalus in place of Ptenc- 
draco^ a suggestion which is entirely oppos^ to all the rules 01 nomenclature. 
The first use of the former name in this sense was made by Fitzingcr in 
1826. 
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are synonyms), on the other hand, has the skujl produced into a 
long beak or rostrum (fig. 1097), in which the teeth extend over a 
considerable space, and the large nares are slightly separated from 
the preorbital vacuities. The scapula is not anchylosed to the cora- 
coid ; and the pubes are short and rounded (fig. 1097). This genus 
appears to be confined to the lithographic limestones ; the typical 
P, antiquus being about the dimensions of a woodcock. 

Apparently allied to this genus is Dermodactylus, of the Jurassic 
of North America, in which the bones are said to have thicker walls. 
The type species is estimated to have had a spread of wing of from 
five to six feet. Finally, in Cycnorhampkus^ of the Solenhofen 
limestones, we have a genus with a broad expanded beak, like that 
of a Swan, with the teeth confined to the anterior extremity. This 
genus is represented by a single species of comparatively large size, 
known as C suevtcus. 

Here we may conveniently notice some gigantic Pterodactyles 
from the Cretaceous system of Europe, of which, owing to the ex- 
ceedingly imperfect remains hitherto discovered, the family position 
must be left undetermined. Remains of some of those ^rms were 
originally regarded as belonging to Birds, and described under the 
names of Paiceornis (Wealden) and Cimoliomis (Chalk). All these 
forms may be provisionally included under the generic name of 
OrnithochiruSy although it is highly probable that some of them may 
really be distinct ; and there does not at present appear any very 
good reasons for separating a Purbeck form for which the name 
Doratorhynchus has been proposed. Many of these Pterodactyles 
were of gigantic size ; the spread of wing of some of the larger 
species being estimated at as much as 25 feet. Probably the 
tail was long; the jaws were toothed to their extremities, and 
frequently the upper anterior teeth curved forwards to project 
in advance of the muzzle. The oral surfaces of the upper and 
lower jaws were marked by a longitudinal ridge and groove; 
the skull was either short and stout, or much elongated ; the 
scapula was often anchylosed to the coracoid ; and in some 
instances the astragalus united with the tibia. It has also been 
suggested that Ornithochirus had but three digits in the manus, 
but this statement requires confirmation. The name Cretornis 
has been applied to the remains of Ornithochirus from the Chalk 
of Bohemia. 

Family Rhamphorhynchid^. — In this family the tail was at 
least usually long (as in fig. 1098); the extremities of the jaws were^ 
in many instances edentulous ; and the length of the metacarpus* 
was much less than half that of the ulna (fig. io9S)* 

(fig. X099) bird4ike than in the type family, with the nares 

separated by a distinct bar from the preorbital vacuity, and was 
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often comparatively short and stout ; while in some instances the 
astragalus united with the tibia. This family certainly ranged from 
the Lias to the Upper Jurassic, but if Omitkochirus belong to it, 
its range must be extended to include the Cretaceous. In the 
genus Scaphognathus (fig. 1099) the teeth extend to the extremities 
of the jaws of the massive skull, in which the nares are separated 
by a broad bar from the larger preorbital vacuities. The tail of 
the type species is unknown, and in Goldfuss' restoration (fig. 
1099) it was made like that of Fterodactylus ; but Professor Zittel 
considers that it was elongated like that of Rhamphorhynchus and 
Dimorphodon (fig. iioi). The type species, which attains con- 
siderable dimensions, occurs in the Kimeridgian limestones of 



Tig. togH. — Restoration o( I>zm<;f^h0([i!an macrmyx. Reduced. (After Owen.) 


Bavaria, but the genus is also represented in the Upper Lias of 
Whitby. It is noteworthy that the peculiar form and relations 
of the jugal and quadratojugal found in the Dinosaurian genus 
Diplodocus (fig. 1076) also obtain in Scaphognathus. In Rhampho- 
rhynckus^ of the Kimeridgian of Bavaria, the extremities of the 
jaws are usually devoid of teeth ; while in the hinder region the 
teeth incline forwards instead of having the nearly vertical direction 
of those of Scaphognaihus, The scapula and coracoid were some- 
times anchylosed; the astragalus was generally distinct from the 
Mhm ; the pes had either four or five digits ; the pubes were slender, 
bent, and joined by a bony symphysis; while the long tail was 
stren^hened by the ossification of its tendons. The membranous 
patagium developed a leaf-like expansion at the extremity of the tail, 
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as is beautifully shown in a specimen of the typical Muensferi, 
of which a restoration is shown in the accompanying woodcut. 



Fig. 1099. — The skeleton and patagium of Sca^kognatkus crassirostrts according to the 
restoration of Goldfuss ; from the Kimendgian of Bavaria Reduced. 'J he presence of the first 
digit in the manus is incorrect ; the tail should be long ; while the patagium should have been 
more extended posteriorly, as in fig. 1098. 


This species was of comparatively small size ; but R, grandis, in 
which the astragalus united with the tibia, attained considerably 
larger dimensions. Rhamphocephalus^ of the Lower Jurassic Stones- 



Fig. 1100. — Restoration of Rhamphorkynchus hfuensUri {phyllurus)', from the Lower 
Kimeridgian of Bavaria. One-seventh natural size. (After Marsh.) 




field slate, is distinguished from the preceding genus by the form 
of the teeth, and the great interorbital constriction of the cran- 
ium. Dorygnathus^ from th^ Upper Lias of Germany, appears to 
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have been an allied genus. In the Lower Liassic genus Dimorph- 
odon (fig. iioi) the jaws are toothed to their anterior extremities, 

and the hinder teeth of the man- 





IIOI, — Restored skeleton of 
Dinwr^o^Um macrtmyx ; from ^ the 
Loirer Lias. Reduced, /t Ulnar digit ; 
mr. Other du^ts; >, Metatarsus. (After 
Owen.) 


dible are much smaller than those 
in front. Both the nares and pre- 
orbital vacuities are of enormous 
size, and are separated by a narrow 
bar. The coracoid is anchylosed 
to the scapula; and the astragalus 
united to the tibia. Dimorphodon 
is thus the earliest known represen- 
tative of the order ; and the one 
species attained considerable dimen- 
sions- Its remains occur in the Liassic 
shales of Lyme Regis in Dorsetshire, 
and were first brought to notice in 
1822 by the indefatigable Dean Buck- 
land. 

Ordinal Position Uncertain. — 
Here may be noticed a genus of which 
the serial position must for the present 
remain undecided. It is known as 
Ornithodesmus, and was founded upon 
an imperfect sacrum from the English 
Wealden, which has been regarded as 
Avian, although its right to distinc- 
tion from the Ornithosauria appears 
by no means certain. It may be 
observed that the so-called Ornitho- 
pterus^ of the Upper Jurassic lime- 
stones of Bavaria, said to be char- 
acterised by the presence of only two 
digits in the ulnar digit of the manus, 
and which has been regarded as 
Avian, appears to have been found- 
ed upon an imperfect specimen of 
Rhamphorhynchus ; and it may also 
be mentioned that the name Orni- 
thopterus is preoccupied by the Lepi- 
dopterous genus Ornithoptera. Fin- 
ally, it has been suggested that a 
tooth from the Trias of Italy de- 


scribed under the name of Tribeksodon may indicate an Ornitho- 


saurian at that early period, but the evidence in support of that 
view is at present wholly insufficient 
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CHAPTER LVI. 

CLASS AVES. 

General Structure. 

The fifth class of the Vertebrata is that of Aves, or Birds, which, 
as we have already mentioned under the description of the class 
Reptilia, presents a number of characters in common with the 
latter. Birds, indeed, as Professor Huxley remarks, are animals 
so similar to Reptiles in all the most essential features of their 
organisation, that they may be said to be merely an extremely 
modified and aberrant Reptilian type. Their differentiation is, 
however, so great as to indicate without doubt their right to form 
a distinct class. It will be unnecessary to recapitulate the char- 
acters common to Birds and Reptiles — together constituting the 
province Sauropsida — and we may accordingly proceed to note 
the distinctive features of the former class. It may be well, how- 
ever, to observe before proceeding further that, according to the 
arrangement proposed by Professor A. Newton, Birds are divided 
into three primary divisions or orders, respectively known as 
Saurune, Ratitae, and Carinatae ; the fossil representatives of which 
will be noticed in the next chapter. 

In the first place, all Birds, so far as can be ascertained, were 
provided with the peculiar epidermal covering known as feathers, 
which are totally unknown among the Reptiles ; while ossifications 
in the dermis are extremely rare, and never take the form of bony 
scutes. No Bird, again, has proccelous vertebrae ; while in all ex- 
isting forms the centra of the cervicals have cylindroidal, saddle- 
shaped, articular surfaces, although these are amphicoelous in certain 
Mesozoic forms. In no cases are there sacral ribs for attachment 
of the ilia in the proper sacral vertebra. The sternum has no 
backwardly-produced median processes for the ribs; all of which 
are attached superiorly to its lateral borders. If an interclavicle 
ever exists, it is fused with the clavicles into a compound bone 
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termed the furcula (%. 1106). No Bird has more than three 
digits in the manus; all of which may be furnished with claws. 
The three elements of the pelvis are nearly always anchylosed 
together in the adult (fig. 1102); the ilium being produced in 
advance of the acetabulum (of which the inner wall is unossified), 
and the ischium and pubis directed backwards, in a more or less 
parallel direction, and only very rarely meeting in a ventral sym- 
phpis. The proximal row of the tarsus is always united with the 
tibia to form a tibio-tarsus ; while the distal row coalesces with the 



three median metatarsals to constitute a tarso-metatarsus. In all 
recent Birds only the right aortic arch is present ; the arterial and 
venous circulations meeting only in the capillaries ; and the blood 
is hot. 

Some of the above characters are common to certain Reptiles ; 
and it is only the whole of them collectively which can be regarded 
as characteristic of Birds as a class. 

Noticing in rather more detail certain features of the osteology, 
it may be observed that the skeleton is usually remarkable for its 
combination of compactness and lightness, and also by the per- 
meation of the greater number of the bones by air-cavities. The 
skull (fig. 1103) is formed on the general reptilian type, but is 
remarkable for the greater relative development of the brain-case, 
although this feature is nearly paralleled in the Omithosauria. The 
component bones have a great tendency to unite in the adult by 
the obliteration of their sutures, and their texture is delicate and 
spongy, and totally unlike the ivory-like structure so generally observ- 
able among Reptiles. The single occipital condyle, which is^ainly^ 
formed by the basi occipital, is not placed at the hinder Axtemity 
of the cranium, but becomes shifted forwards and downwards, so 
that the basal axis of the latter forms an angle with the axis of the 



1210 


CLASS AVES. 


vertebral column. In Reptiles a similar feature occurs in the 
Ornitbosauria. The inferior temporal arcade, formed by the jugal 
and quadratojugal (fig. 1103), and connecting the maxilla with the 
quadrate, is invariably present, but the superior temporal arcade is 
always wanting ; and there are never distinct postorbitals or post- 
frontals. The complete inclusion of the parietals in the roof of the 
brain-case prevents the formation of the posttemporal fossae, which 
constitute such a characteristic feature in the skulls of the majority 
of Reptiles ; and no Bird has a parietal foramen. The base of the 
cranium is formed by the basioccipital and basisphenoid, from the 
latter of which proceeds the rod-like sphenoidal rostrum, represent- 
ing the anterior part of the parasphenoid ; while the posterior portion 



Fig. it03.~Left lateral view of the skull of the Fowl, dc, Dentary portion of the mandible ; 
«r, Articular portion of do. ; Quadrate ; Squamosal ; Exoccipital: so, Supraoccipital ; 

Parietal; /r, Frontal; /a, Lachrymal; na. Nasal; vo, Vomer; Premaxilla; mx, 

Maxilla; ju, Jugal ; Quadratojugal ; Pterygoid ; pi, Palatine ; ts, Interorbital septum. 


of the latter persists in the basitemporal plate underlying the basi- 
occipital and basisphenoid. There is always a preorbital (lachry mo- 
nasal) vacuity between the nasal, lachrymal, and maxilla (the tri- 
angular space immediately behind the nasals in fig. 1103), as in 
many extinct Reptiles ; and the interorbital septum is always more 
t>r less ossified. The narial aperture (fig. 1103) is lateral, and 
nearly always placed a short distance in advance of the orbit near 
the root of the beak. TTie greater portion of the latter is formed, 
as in the Omithosauria, by the premaxillae, which coalesce at a very 
early ^period in the middle line, and thus form a triradiate bone, 
‘giving off a median nasal and a pair of lateral maxillary processes. 
The pterygoids (fig. 1103) never unite together in the middle line 
to form a completely closed palate ; and neither those bones nor the 
palatines ever develop inferior palatal plates to separate the narial 
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passage from the mouth. In this respect, therefore, the develop- 
ment of the Bird’s skull does not attain such a specialisation as that 
of the existing Crocodiles. The quadrate is usually movably at- 
tached to the squamosal ; and the articulation of the palatopterygoid 
bar to the basipterygoid processes of the sphenoidal rostrum is also 
a movable one, by which means the premaxillary beak can be moved 
to a certain .extent upon the rest of the skull. The vomers are 
subject to great variation. They underlie the ethmosphenoidal 
region, and when present are connected posteriorly with the pala- 
tines, except in the Ostrich. The relations of these and the other 
bones of the palate form important features in Professor Huxley’s 
classification of Birds; but since this is a subject to which the 
attention of the Palaeontologist is but seldom directed, the reader 
desirous of further information must refer to other works. The 
jugal and the quadratojugal are slender, rod-like bones, of which 
the former articulates with the equally slender maxilla, and the latter 
by a hollow surface with the quadrate. In all existing Birds the 
dentary elements of the two rami of the mandible are always found 
welded at the symphysis into a single bone ; but in the Cretaceous 
Ichthyornis^ and perhaps in other Mesozoic forms, this union is 
imperfect. There is frequently a lateral vacuity between the den- 
tary and splenial, like that of the Crocodilia. The angle of the 
mandible may be either truncated, or produced into a long recurved 
process, as in the Fowls (fig. 1103), Ducks, and Geese. In exist- 
ing and Tertiary Birds the beak is ensheathed in horn, and is 
totally devoid of teeth ; but rudiments of teeth have been found in 
some Parrots. And in certain Mesozoic forms the premaxilla, 
maxilla, and dentary bones were furnished with a complete series 
of sharp teeth. A ring of bones is always developed in the sclerotic 
of the eye. 

In some Mesozoic Birds the vertebral centra were amphicoelous, 
but in all others the vertebrae exhibit certain well-marked peculiari- 
ties. Thus the neural articulations are always well developed, and 
the arch is invariably articulated to the centrum. The neck is 
usually very long ; the number of its vertebrae ranging from eight 
to twenty-three. The atlas vertebra forms a thin ring, in which the 
transverse ligament may be ossified ; and the axis always has the 
odontoid process anchylosed to it. The succeeding cervicals have 
either short neural spines, or no spines at all ; the anterior surfaces 
of their centra are cylindroidal and convex from above downwards, 
and concave from side to side, the reverse condition obtaining pos- 
teriorly (fig. 1104). These surfaces are usually described as saddle-* 
shaped ; ^ and there may be a haemal spine inferiorly. In the imma- 


^ The term heteroccclous has been proposed for this type of vertebral structure. 
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ture Ratitse the cervicals have ribs articulating with an upper and a 
lower process, as in the Crocodilia ; and in the adult (% 1104) 
these ribs anchylose to the vertebrae, and thus resemble perforated 
transverse processes, in which the canal (/) seryes for the protection 
of the vertebral artery.^ In adult Carinatas these lateral arches, as 
they may be termed, become further modified, and develop pro- 
longations for the protection of other parts of the vasculo-neural 
system. The dorsal vertebrae are liable to variation in number; 
their centra usually resemble those of the cervical region, but in 
the Penguins the articular surfaces of some may be spheroidal an- 



ph^is, Transverse process, or diapophysis / Rib?facet ^ , Postzygapo- 

/, Costal canal. (After Marsh.) P P ^ - A ^cet, or parapophysis , hc, Neural canal ; 
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teriorly.2 They usually have well-marked neural, and may or may 
not have inferior median spines; and they are in some instances 
anchylosed together, but in others are susceptible of a limited 
amount of motion. Throughout the whole dorsal series there is a 
well-developed transverse process from the arch for the tuberculum 
of the rib; while the centrum has a lateral facet for the capitulum. 
The method of costal articulation resembles, therefore, that obtaining 
IP the first two dorsal vertebrae of the Crocodilia. These features 
are characteristic of all Birds. The dorsal vertebrae are succeeded 
posteriorly bv a number of anchylosed vertebrae forming the sacrum 
According, however, to the researches of Dr Gadow, only two or 
three of these vertebra are truly sacral; those in front belonging to 
the lumbar, and those behind to the caudal region. Of the proper 
sacrals the two hindmost correspond to those of the Crocodilia, and 
the second of these to the single sacral of the Amphibia The ver- 
tebrte articulating with the ilia do not develop ribs, but articulate 


> arrangement of the ribs is precisely similar to that occurring in certain 
Dinosaurs, as is shown in fig. 1071 (p. 1170). ^ cenam 

CertainJVVater and Wading Birds as weJl as Parrots, and the remarkable 
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by transverse processes placed on the arch. The anchylosed series 
of caudals, which are sometimes termed uro-sacral, are in some in- 
stances, as in ArchcBOpteryx and Rhea^ followed by a considerable 
number of free vertebrae, but more usually by only a few, succeeded 
by a triangular terminal bone, known as the py go style (fig. 1106), 
which carries the tail feathers and glands, and represents several 
coalesced vertebrae. In no known Birds are ossified intercentral 
elements developed, with the exception of the inferior bar of the 
atlas vertebra. Nearly all the dorsal ribs 
develop tubercular and capitular pro- ^ 
cesses, and some have also uncinate pro- 
cesses (fig. iio6, up). The sternum has ^ 
a pair of grooves superiorly for the re- 
ception of the coracoids; and in the 
Ratitae (fig. 1105) it is rhomboidal and 
convex, without trace of a median keel, 

its development taking place from two JCff 

lateral centres. In the majority of Cari- 

natae the sternum (fig. 1106, st) is, how- ^ 

ever, elongated, and has a strong median Fi^. uos—stemai region of the 

keel for the attachment of the pectoral 

muscles. In this type two membranous 

vacuities frequently exist in the posterior portion, which in the dry 
skeleton form holes or notches, separated by bony processes, which 
represent divisions of the Mammalian xiphisternum. In many 
Carinatae, and especially the Passerines, there are also developed a 
median manubrium sterni, and lateral costal processes for the attach- 
ment of the ribs. The coracoid (fig. 1106, c) in the Carinatae is an 
elongated bone more like that of Crocodiles than that of Dinosaurs ; 
it has no fontanelle, and articulates at an acute angle with the scap- 
ula, from which it usually remains distinct. It takes an equal share 
with the latter in the formation of the glenoid cavity for the head of 
the humerus, and at its distal end may overlap its fellow. In the 
Ratitae the coracoid (fig. iiii) is, however, generally shorter and 
more Dinosaurian-like, and may have a fontanelle, while its long 
axis is either coincident or parallel with that of the adjacent portion 
of the scapula, with which it is invariably anchylosed in the adult. 
The scapula in Carinate Birds (fig. 1106, s) consists of a thin and 
narrow plate of bone, often extending backwards to a considerable 
length, and without any suprascapula. Occasionally an additional 
bony rod is developed on the outer side of the scapula. The 
glenoidal ends of both the scapula and coracoid are divided into a, 
glenoidal and a clavicular process in this order. In the same order 
the clavicle is nearly always well developed, and fuses with its fellow 
to form the U-shaped furcula (fig. 1106,^); but in the Ratitae 
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Pig. wo6.— Skeleton of Eagle {Aguil»)> Reduced, ppt Pcwtorbital proces* ; ma, Mandible ; 


ti I jif Fibula ; tm^ Taraomeutarsus ; w, First mctata]^ ; pa, Phalangeals. (After 
Milne^wards.) 
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the clavicles are rudimentary or wanting, and never unite to form a 
furcula. No Bird preserves a distinct interclavicle, although it 
has been thought that the median portion of the furcula represents 
this element — a view which, from developmental considerations, is 
now regarded as improbable. The furcula itself may anchylose 
with either the manubrium of the sternum, or with the coracoids ; 
and very rarely both these unions occur together. 

In the pectoral limb the component bones, when at rest, have 
been greatly altered from their original primitive position ; the 
change being somewhat greater than that occurring in the majority 
of Mammals. The humerus of Carinates (fig. 1106, h) is expanded 
at both ends ; the proximal extremity having a strong preaxial delto- 
pectoral ridge for the pectoral muscle. The pneumatic foramen 
occurs on the proper dorsal aspect ; and at the distal extremity the 
prominent oblique condyle, on the outer side of the palmar aspect 
for the articulation of the radius, forms a very characteristic feature. 
In the Ratitae this bone has less distinctive characters, and may be 
very small, or even absent. There is no foramen for vessels at the 
distal extremity of the humerus in any member of the class. The 
radius and ulna (fig. 1106, w, r) are always separate; the former, 
which is usually the larger of the two, being frequently marked with 
a line of tubercles for the attachment of the secondary wing-feathers. 
In the adult of recent Birds the free bones of the carpus are reduced 
to two — a radiale and ulnare ; but in the JursLSsic ArckaoJ>^eryx only 
the radiale remains. In the latter genus the manus comprises three 
free metacarpals and digits ; of which the first carried two, the 
second three, and the third four phalangeals ; the terminal bone in 
each digit being furnished with a claw. In existing Carinate Birds 
the three metacarpals (fig. 1106) are more or less completely fused 
together; and, according to Professor Weinsheimer, ten families 
possess the same number (two) of phalangeals in the first digit as 
in Arch(Bopteryx^ the distal one bearing a claw ; while four faiiAi]j|M 
also possess three phalangeals in the second digit, like Archceopteryx^ 
but in only two of these families is the terminal phalangeal provided 
with a claw. In all existing Carinates the third digit has only a 
single phalangeal, without a claw. Among the Ratitae there are 
three digits in Struthio and Rhea ; but Apteryx and Casuarius 
but a single digit, which is clawed. There is usually aq. idUrspaq^,, 
between the curved second and third metacarpals which may be 
filled up by a thin plate of bone. ^ 

The characters of the pelvis have been already briefly alluded to. 
The ilium (fig. 1107) is always produced considerably on both sides 
of the acetabulum, and in some cases, as in the Apteryx, the anterior 
production is very great ; it articulates with the long sacrum, of 
which the homology has been already noticed. The ilium arches 
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over the greater part of the acetabulum, of which, as already men- 
tioned, the centre is unossified, and has an external articular surface 
for the great trochanter of the femur termed the antitrochanUr. 
The ischium forms the hinder half of the inferior part of the aceta- 
bulum, and is a moderately broad bar of bone directed downwards 
and backwards, or occasionally backwards (fig. 1112). In the 
Carinatae (fig. 1102) it generally unites inferiorly with the ilium, by 
which means the upper part of the ilio-ischiatic notch is converted 
into a foramen; but in the Ratitae (figs. 1107, 1112) there is no 
such union. In Rhea alone, among existing Birds, the ischia unite 
in a v^ijjjj^l symphysis. The pubis is generally a long and slender 



Fig. iio 7 .--Left side of the pelvis of the Emeu {Dronterus). Reduced. *7, Ilium ; is. Ischium ; 

Pubis ; /, Pectineal process of do. ; a, Acetabulum. {After Marsh.) 

bone running parallel to the ischium, and entering into the anterior 
part of the lower border of the acetabulum ; it frequently gives off 
a pectineal process (fig. 1107), which is apparently homologous with 
the preacetabular process of the pubis of the Ornithopodous Dino- 
sa,uria. The Ostrich {Struthio) is peculiar among living Birds in 
having a symphysis pubis ; while in Archceopteryx alone are the three 
pelvic bones separate. The femur is a short thick bone, with its 
head placed at right angles to the shaft, as in certain Dinosauria. 
Its condyles are large, and antero-posteriorly elongated. A patella 
is frequently present, and may be double. The fibula is always im- 
perfect distally, and may be completely anchylosed to the tibia. 
The latter, or tibio-tarsus as it should be correctly termed, is a very 
characteristic bone ; and is always longer than the femur. Proxi- 
mally this bone is expanded and produced into an anterior cnemial 
process, like that of the • Dinosauria, which may extend above the 
khee-Joint; and the distal extremity (fig. 1108, a) has a trochlea- 
like swrf^e, and consists of the astragalus of the tarsus, which has 
been c^^letely fused with the tibia. On the anterior surface of 



GENERAL STRUCTURE. 121/ 

this bone, above the astragalus, there is frequently (as in fig. 
noS, a) a bony bridge over the channel for the extensor tendons of 
the foot. The tarso-metatarsus (fig. iio6, fm) immediately suc- 
ceeds the tibia; and consists proximally of the distal portion 
of the tarsus, with which the 
three middle metatarsals of the 
typical foot are usually com- 
pletely welded to form a rod- 
like bone, generally terminat- 
ing in three distal pulley-like 
surfaces for the articulation of 
the phalangeals. In the Pen- 
guins, however, intervals exist 
between the three compon^t 
bones of the shaft ; and in 
the Ostrich only two metatar- 
sals enter into the compound 
element. Generally the me- 
dian metatarsal at its distal 
end is thrust somewhat in ad- 
vance of the other two (fig. 
iio8, b). The form of the 
distal condyles of this bone 
is very characteristic of differ- 
ent groups of Birds. In cases 
where the hallux, or first digit, 
is developed it is only the dis- 
tal portion of its metatarsus 
which is attached to the posterior aspect of the tarso-metatarsus. 
No adult Bird has any trace of a fifth digit, and the number of 
digits may vary from two (Ostrich) to four (Parrots). In four-toed 
Birds the phalangeals generally number 2, 3, 4, 5, reckoning from 
the first (hallux) to the fourth digit. 

This increase in an arithmetical ratio of the phalangeals of the toes, in 
proceeding from the inner to the outer side of the foot, obtains in almost 
all Birds, and enables us readily to detect which digit is suppressed, when 
the normal four are not all present. Variations of different kinds exist, 
however, in the number and disposition of the toes. In many Birds — 
such as the Parrots — the outermost toe is turned backwards, so that there 
are two toes in front and two behind ; whilst in the Trogons the inner toe 
is turned back with the hallux, and the outermost one is tujned forwards. 
In others, again, the outer toe is normally directed forwards, but can be 
turned backwards at the will of the animal. In the Swifts, on the other 
hand, all four toes are present, but they are all turned forwards. In 
many cases — especially amongst the Anserine birds — the hallux is wholly 
wanting, or rudimentary. In the Emeu, Cassowary, Bustards^i^d other 
genera, the hallux is invariably absent, and the foot is three-toed. In the 



Fig. 1108. — /h's melanocephala. The distal 
portion of the right tibio-tarsus (a) and left tarso- 
metatarsus (b). 
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Ostrich both the hallux and the second toe are wanting, and the foot con- 
sists simply of the third and fourth digits. 

In regard to their geological distribution it should be observed 
that the remains of Birds are generally by no means so common in 
ossiferous deposits as thc3i3e of Mammals. This scarcity is probably 
in part due to the comparatively small size and fragile nature of the 
bones of a large number of members of the class ; and also, as Sir 
C. Lyell has observed, to the circumstance that “the powers of 
flight possessed by most birds would ensure them against perishing 
by numerous casualties to which quadrupeds are exposed during 
floods ; ” so that, “ if they chance to be drowned, or to die when 
swimming on water, it will scarcely ever happen that they will be 
submerged so as to become preserved in sedimentary deposits, 
since, from the lightness of the bones, the carcass would remain 
long afloat, and would be liable to be devoured by predaceous ani- 
mals.” To these considerations must be added the absence of teeth 
in the great majority of Birds, whereby we are deprived of evidence 
which in the case of Mammals has thrown most important light 
upon the nature and affinity of fossil forms. 

The earliest suggestion of the occurrence of Birds is afforded 
by impressions of huge Sauropsidan feet (fig. 1109) found in the 



Fig. I ‘Sauropsidan footprint, and impressions of rain-drops ; from the Trias of the 
## Connecticut Valley. Reduced. 


i^uted T>iassic of the Connecticut Valley in the United 

es. :^«hese imp^pcmfe were evidently made either by Ornitho- 
aous dinosaurs, Ratite Birds ; and the occurrence of cer- 

tain r^tilian bones in the same deposits indicates that at least some 
of them are probably of Dinosaurian origin. The absence of the 
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impression of a tail among some of these tracks renders it, however, 
not altogether improbable that a few of them may be due to Birds. 

Apart from the foregoing extremely doubtful evidence, the earliest 
undoubted occurrence of Birds is in the Upper Jurassic, where we 
find ArchcBopteryx in the Kimeridgiap of Bavaria. Laopteryx^ from 
the Jurassic of North America, which’ was described as a Bird, is 
more probably a Reptile. Of the extremely generalised nature of 
the former mention is made in the next chapter. In the Cretaceous 
system of North America we find not only the remarkable toothed 
Birds, which were already differentiated into the Ratite and Carinate 
modifications ; but there were apparently others more nearly allied 
to existing types. Bird-remains also occur rarely, and in a very 
fragmentary state, in the Upper Cretaceous of Europe. With the 
Eocene we enter upon an Avian fauna of a decidedly modern type ; 
and at the period of the Lower Miocene the greater number of 
existing suborders were well represented. 

We are at present to a great extent in the dark as to the manner 
in which Birds branched off from the primitive Sauropsidan stock ; 
but it is pretty evident that the Dinosauria are those Reptiles most 
nearly related to Birds, and that the Ornithosauria are totally out of 
the direct ancestral line, — the curious resemblance which they pre- 
sent to Carinate Birds being apparently solely due to their somewhat 
similar mode of life. 

In respect to the mode of origin of the Ratite and Carinate modifica- 
tions of Bird -structure, we may quote from an admirable article by Pro- 
fessor A. Newton, who observes that — “ First of all we find that while 
Birds still possessed the teeth they had inherited from their Reptilian 
ancestors, two remarkable and very distinct types of the class had already 
made their appearance, and we must note that these two types are those 
which persist at the present day, and even now divide the class into the 
Ratitas and Carinatae. Furthermore, while the Ratite type {Hesperomis) 
presents the kind of teeth, arrayed in grooves, which indicate (in Rep- 
tiles at least) a low morphological rank, the Carinate type {Ichthyornis) 
is furnished with teeth set in sockets and showing a higher development. 
On the other hand, this early Carinate type has vertebrae, whose com- 
paratively simple biconcave form is equally evidence of a rank unques- 
tionably low ; but the saddle-shaped vertebrae of the contemporary Ratite 
type as surely testify to a more exalted position. Reference has been 
already made to this complicated if not contradictory state of things ; 
the true explanation of which seems to be out of reach at present. It 
has been for some time a question whether the Ratite is a degraded type 
descended from the Carinate, or the Carinate a superior development of 
the Ratite type.” The Professor, after noticii^ that many Zoologists 
have adopted the former view, proceeds to obsei«p|tiat, before t^ie ques* 
tion can be answered, a reply must be given to ^ following qMtion^#' 
“ Was the first animal which any one could prqperi3^ call a ‘ Bi^l,* as di^ ' 
tinguished from a ‘ Reptile,’ possessed of a keeled sternum or not ? Now 
Birds would seem to have been differentiated from Reptiles while the 
latter had biconcave vertebrae, and teeth whose mode of attachment to 
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the jaw was still variable. There is no reason to think that at that period 
any Reptile (with the exception of Pterodactyles, which, as has already 
been said, are certainly not in the line of Birds’ ancestors) had a keeled 
sternum. Hence it seems almost impossible that the first Bird should 
have had one ; that is to say, it must have been practically of the Ratite 
type. Professor Marsh has shown that there is good reason for believing 
that the power of flight was gradually acquired by Birds, and with that 
power would be associated the development of a keel to the sternum, on 
which the volant faculty so much depends. . . . Thus the Carinate type 
would, from all we can see at present, appear to have been evolved from 
the Ratite.” After observing that embryological and distributional facts 
afford support to this view, Professor Newton continues as follows : 
“No doubt the difficulty presented by the biconcave vertebrae of the ear- 
liest known representative of the Carinate type is a considerable obstacle 
to the view just taken. But Professor Marsh has shown that in the third 
cervical vertebra of Ichthyomis ‘ we catch nature in the act as it were ’ 
of modifying one form of vertebra into another, for this single vertebra 
in Ichthyomis is in vertical section ‘ moderately convex, while transversely 
it is strongly concave, thus presenting a near approach to the saddle-like 
articulation;’ and he proceeds to point out that this specialised feature 
occurs at the first bend of the neck, and, greatly facilitating motion in a 
vertical plane, is ‘ mainly due originally to its predominance.’ The form 
of the vertebrae would accordingly seem to be as much correlated with 
the mobility of the neck as is the form of the sternum with the faculty of 
flight. If, therefore, the development of the saddle shape be an indica- 
tion of development, as well may be the outgrowth of a keel.” In conclu- 
sion, the Professor observes that the question must be regarded as still 
unsettled, although his own opinion is strongly in favour of the Ratite 
being the eailier type. 

On the other hand. Dr Gadow, in a communication of later date, con- 
cludes that the Ratitae were most probably descendants of Birds which 
formerly possessed the power of flight ; this view being said to be sup- 
ported by the structure of the wings, and the nature of the feathers of the 
young. 

In the following chapter a brief summary is given of the chief 
divisions of Birds, with mention of those families known to be re- 
presented in a fossil state. It would, however, exceed the limits of 
this work to give even the leading osteological characters of such 
families, since, owing to the great general similarity in the structure 
of all Carinate Birds, such characters could only be indicated by the 
introduction of a great mass of detail. 

It should also be observed that the majority of writers rank the 
three primary divisions of Birds as subclasses, and the secondary 
division^ as orders, with the proviso that such orders are of very 
different value from those of Reptiles. With the object of avoiding 
this inequality th#wiew of Professor Huxley, who has termed the 
4>j to ary ^ divisions om^rs and the secondary ones suborders, has been 
Wmwed in this work. 
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CHAPTER LVII. 

CLASS AVES, 

Orders Saurur^, RAxiXiE, and Carinax^e. 

Order I. Saurur^e. — This extinct order is represented only by 
Archceopteryx, and may be characterised by the metacarpals being 
separate, and by the tail being longer than the body, and not 
terminating in a pygostyle. 

Family ARCH^OPXERYCiDiE. — Archmopteryx^ including birds of 
about the size of the common Rook, is found in the lithographic 
limestones of Solenhofen, near Pappenheim, in Bavaria, which are 
the representatives of the lower part of the English Kimeridge Clay. 
This genus was first made known by the impression of a single feather, 
to which the late Professor H. von Meyer gave the name A. litho- 
graphica. Subsequently the greater part of a skeleton, with im- 
pressions of the feathers of the wings and tail (fig. iiio), was 
obtained, which Sir R. Owen named A. macrura ; while recently 
a second skeleton has been found which some writers regard as 
indicating a distinct species from the first. Of these two skeletons 
the former is preserved in the British and the latter in the Berlin 
Museum. Professor Carl Vogt, who first described the Berlin 
specimen, regarded Archceopteryx as a Reptile ; but there can be 
no hesitation in classing it among the Birds. The jaws were fur- 
nished with teeth ; the vertebrae were biconcave ; and there was a 
well-ossified sternum, of considerable breadth, and probably pro- 
vided with a Carina. In the manus the three metacarpals remained 
distinct ; and there were also three separate digits, each bf which 
was terminated by a claw. In the pelvis t^ three component 
elements exhibit the Reptilian character oCT^emaining distinct 
throughout life ; and it is thought probable that the ischia ui|i1s(;d 
in a ventral symphysis. The distal portion of the fibula is placed 
in front of the tibia; and the metatarsals were either separate or 
but very imperfectly united together. The tail, again (fig, mo), 
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differs from that of all other known Birds in that itwonsists of a 
series of long vertebrae, gradually tapering to the €«tr^ity, and 
each of which carries a pair of feathers. From the absence of 
impressions of feathers in the region of the body, it has been 
thought that only the wings and tail had these appendages ; but 
it is far more probable that the feathers had fallen from the body 
as it lay on the old sea-shore, while those of the wings and tail still 



Fig I no —Part of the skeleton, with impressions of the feathers of the wings and tail, of 
Arclueopteryx macrura . from the lithographic limestone of Bavaria. Reduced. 


adhered to their attachments. In the figure of the British Museum 
specimen of A, macrura (fig. 1 1 1 o) the head is not shown ; but it 
exists in an imperfect state of preservation in the slab. Till we 
know more of the other Birds of the Jurassic, the true relationship 
of Archmopteryx to existing forms cannot be determined. 

Order II. Ratit^. — The Ratitse, or Struthious Birds, differ 
from the preceding order by the anchylosis of the metacarpals 
(when present) and the short tail, which may terminate in a 
pygost^ They are further characterised by the sternum (figs. 
1105, nil) being devoid of a keel; by the long axes of the 
adjacent portions of the scapula and coracoid being approximately 
in the same line (fig. iin), or at least forming an exceedingly 
obtuse angle at their junction ; by the wings being useless for 
flight; and by the peculiar characters of the pelvis (figs. 1107, 
II 12), which have been already mentioned. There are, moreover, 
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important ^Qj^ological characters connected with the palatal aspect 
of thft sl^ull which cannot be noticed here ; and some other features 
havO bein mentioned in the preceding chapter. The massive bones 
are frequently filled with marrow. In all forms the fibula remains 
quite distinct from the tibia ; and the distal end of the latter fre- 



Fig. till. — Left half of the pectoral girdle and sternum of Hesperomis regaltsl from the 
Cretaceous of North America. Reduced, Scapula ; h. Humerus ; c, Coracoid ; Clavicle , 
j/, Sternum. (After Marsh.) 


quently has no bridge over the extensor tendons. In all existing 
forms the plumage presents the remarkable peculiarity that the 
barbs of the feathers, instead of being connected with one another 
by hooked barbules, as is usually the case, are remote and dis- 
connected from one another, presenting some resemblance to 
hairs. 

This order embraces the largest known members of the whole 



Fig. Ilia.-— Left half of the pelvis of Hesperomis regalis; from the Cretaceoua^pf North 
America. Reauced. Letters as in hg. 1 107. (After Marsh.) 


class ; and from the scattered distribution of both its existing and 
fossil representatives is evidently an extremely ancient type. Its^ 
relations to the Carinatse have been already alluded to in the pre- 
ceding chapter. The order may be divided into two series, accord- 
ing to the presence or absence of teeth, 

VOL. 11. Y 
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Toothed Series. — In this extinct series teeth are present in 
the jaws. 

Suborder i. ODONTOLCiE. — The type and only knovrii repre- 
sentative of this suborder is Hesperornisy of the Cretaceous of North 
America. In this remarkable Bird (fig. 1113) (fig. 1117) 

were provided with a series of sharp-pointed teeth, sunk in a deep 
continuous groove ; but the anterior portion of the upper jaw was 



Fig. riij. — Skeleton of Hesperomis regalts; from the Cretaceous of North Amerl^. 
About one-tenth natural size. (After Marsh.) 


edentulous, and probably sheathed in a horny covering like that of 
existing Birds. Various parts of the skeleton are represented in 
figs, nil, 1 1 12, and 1117. 

In its whole skeletal organisation Hesperomis conforms strictly to the 
existing Ratite type ; but there were four digits in the pes (all of which 
were directed forwards), and Professor Marsh believes that it was of 
aquatic habits, and compares it to a swimming Ostrich. According to 
the description of the same authority, the tail consists of about twelve 
vertebrae, of which the last three or four are amalgamated to form a flat 
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terminal mass, there being at the same time clear indications that the 
tail was capable of an up and down movement in a vertical plane, thus 
probably fitting it to serve as a swimming-paddle or rudder. The ver- 
tebrae of the cervical and dorsal regions are of the ordinary ornithic type. 
The legs were powerfully constructed, and the feet were adapted to assist 
the bird in rapid motion through the water. The known remains of the 
typical Hesperomis regalis (fig. 1113) prove it to have been of larger 
dimensions than any of the aquatic members of the class with which 
we are acquainted at the present day. It appears to have stood between 
five and six feet high, and its inability to fly is fully compensated for 
by the numerous adaptations of its structure to a watery life. Its teeth 
prove it to have been carnivorous in its habits, and it probably lived 
upon fishes. A second species of this genus occurs in the same deposits, 
and is known as Hesperomis crassipes ; but it was originally regarded as 
belonging to a distinct genus, and named Lestornis. 

Toothless Series. — This series, which includes the whole of the 
remaining forms, is characterised by the absence of teeth. 

Suborder 2. ^pyornithes. — This suborder is represented by a 
single family, the HEpyornithidce^ of the Pleistocene of Madagascar. 
The one known genus, HEpyornis^ is characterised by the shortness 
of the beak ; the small wings ; the absence of a tibial bridge over 
the extensor tendons ; and the presence of a hallux in the pes. 
The typical maximus appears to have attained dimensions 
rivalling those of the largest species of Dinornis (to be shortly 
mentioned) ; and eggs have been found in association with the 
bones measuring fourteen inches in diameter, and computed to be 
equal in capacity to three eggs of the Ostrich. At least two 
smaller species of the same genus occur in the Madagascar 
Pleistocene. 

Suborder 3. Apteryges. — The members of the second suborder 
of this series are confined to New Zealand, and may all be included 
in the family Apterygidce^ which is now represented by the Kiwis 
or Apteryx (fig. 1 1 1 4). They are distinguished from all other ex- 
isting members of the order by their extremely long and slender 
beak, which is adapted for probing the soft marshy ground which 
they frequent in search of worms and other food. Omitting mention 
of the peculiar cranial and sacral characters, it may be observed that 
the wing has a comparatively short humerus, and not more than 
one ungual phalangeal. The tibia is furnished with a bony bridge 
over the extensor tendons ; and there is a hallux to the pes. The 
feathers have no aftershafts. The Kiwis are essentially nocturnal 
in their habits. Remains of the existing species of Apteryx are 
found fossil in the Recent and Pleistocene deposits of New Zealand ; 
while some much larger bones from the same deposits have been 
described by the late Sir Julius von Haast under the name of 
MegaiapteryXy which appears to have been a giant form closely 
allied to the existing genus. 
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Suborder 4. Immanes. — This recently extinct group, like the 
last, is almost peculiar to New Zealand, and comprises some of the 
largest known Birds. The beak (fig. 1 1 1 5) is |hort ; the wings are 
either very small or totally wanting ; the tibia has a distal bridge 
over the extensor tendons ; and in some instances there was a 
hallux in the pes. The characters of the skull and pelvis come 
nearest to those of the next suborder, and the feathers have after- 
shafts. This group has been divided into the Dinomithida and 
Palapterygida^ on account of the absence of the hallux in the 
former. Although this distinction has been doubted by some 
writers, who consider that Dinornis had a hallux, it appears to be 



Fij. 1 1 14 . — Apteryx austrcdis, New Zealand. 


a valid one. Apart, however, from this point, according to the late 
Sir J. von Haast, the Palapterygidm were provided with rudi- 
mentary wings, while in the Dinornithidee those appendages were 
totally absent. Mr De Vis has described some bird-bones from 
the Pleistocene of Queensland under the name of Dinornis queens- 
landice ; this being the only instance in which remains of this group 
have been recorded elsewhere than in New Zealand. Sir J. von 
Haast proposes to divide the Paiapterygida into Palapteryx and 
Eufyapteryxy and the Dinomithidee into Dinornis and Mionornis, 

The first evidence of the existence of this marvellous group was afforded 
by a fragment of the shaft of one of the bones of the leg brought to Sir 
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Richard Owen at a time when the existence of such huge Birds was 
totally unsuspected, and upon which evidence he founded the type 

f enus. That the Moas, as these Birds are termed by the Maories of 
few Zealand, have 6nly been exterminated at a comparatively recent 
date is proved by the occurrence of nearly entire skeletons with the skin 
and feathers still adhering to them, as well as by fragments of the eggs 
retaining their original pale-green colour. The largest species is D, 
nraxtmus, of which the total height was about ten feet, the tibia 
measuring a yard in length. Another species, D. elephantopus (fig. 



Fig. 1115.— Skeleton oi Dinomts elephantopus : from the Pleistocene of Ncw^ Zealand. 
Greatly reduced. (After Owen.) 


1 1 15), although not standing more than about six feet in height, was of 
even more massive construction, the toe-bones almost rivalling those of 
the elephant in size. The number of species described is very large. 

Suborder 5. Megistanes. — The Emeus and Cassowaries are 
characterised by certain structural peculiarities in the base of the ' 
short cranium ; by the moderately long humerus ; the presence of 
only one complete digit in the manus, which is furnished with a 
claw ; the absence of a ventral symphysis in the pubes or ischia ; 


1228 


CLASS AVJpS. 


the want of a bridge over the extensor tendons in the tibia ; and 
the suppression of the hallux. The family Dromaida repre- 
sented by the existing Emeu {Drotnaus) of Australia, and also by 
fossil species in the Pleistocene of the same country. Dromomis, 
from the latter deposits, is an extinct genus referable to this family. 
The characters of the pelvis of the existing genus are shown in fig. 
1107. The Casuariida, now characteristic of the Australasian 
region, have not hitherto been definitely recorded in a fossil state ; 
although it is possible that a phalangeal from the Indian Siwaliks 
fhay be referable to this family. 

Suborder 6. Rhe^. — The Rheidce^ which alone constitute this 
group, and are confined to South America, differ from the Megi- 
stanes by the structure of the palate, as well as by the longer hu- 
merus, the presence of three digits (of which two are clawed) in the 
manus, by the ventral union of the ischia, and the absence of an 
aftershaft to the feathers. Remains of which are referred to 
the existing species, occur in the Pleistocene cave-deposits of Brazil. 

Suborder 7. Struthiones. — The family Struthionida is the 
sole representative of this suborder ; the only existing species being 
the Ostrich {Struthio camelus\ which is now confined to Africa and 
Arabia, although it formerly ranged into Persia, and probably also 
to Baluchistan and the north-west frontier of India. In addition 
to the characters of the palate, Struthio differs from Rhea by the 
union of the pubes in a ventral symphysis, and also by the suppres- 
sion of the second digit of the pes, in consequence of which the 
distal end of the tarso-metatarsus has but two trochleas. This genus 
is represented in the Pliocene Siwaliks of India, and also in the 
Lx)wer Pliocene of the Isle of Samos, in the Turkish archipelago, 
by remains referred to two species. These forms, which may be 
specifically the same, appear closely allied to the existing Ostrich. 
An egg, from Tertiary beds near Gallipoli — the ancient Chersonese 
— described under the name of Struthiolithus, probably belongs to 
the existing genus, and very likely to the species occurring at Samos. 
These fossil forms point to the conclusion that the original home of 
the genus was probably in Asia. 

Suborder 8. Gastornithes. — The Gastornithidce^ whose re- 
mains occur in the Lower Eocene Of Europe, were large Birds 
which may probably be classed with the Ratitae, and are apparently 
entitled to distinct subordinal rank. Their tibia agrees with that of 
the Apteryges and Immanes in having a bony bridge over the ex- 
tensor tendons, but makes a curious approximation in shape to that 
of certain members of the Carinate suborder Anseres. The wings 
were, somewhat lai^er than in the Ostrich; and the cranium, which 
is estimated to h^ve been fifteen inches in length, had the alveolar 
margins of the jaws serrated, as in the genus Odontopteryx (fig. 
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1121). Remains of Gastornis have been recorded from Meudon, 
near Paf is, from Rheims, and from Croydon, and have been referred 
to four species. ^ The huge Diatryma^ from the Lower Eocene of 
North America, appears to be closely allied to, if not identical with, 
Gastornis, Bird-bones from the Tertiary of South America, de- 
scribed by Dr Moreno under the name of Mesembriornis^ and com- 
pared to the Anseres, probably indicate a member of this group, 
since they are fully as large as the corresponding bones of the 
Ostrich. ^ 

Here also may be noticed an imperfect cranium from the Londoa 
Clay, described by Sir R. Owen as Dasornis^ and regarded by him 
as pertaining to a Ratite Bird. And it may be also mentioned that 
an imperfect limb-bone from these deposits, which has been named 
Mega/ornis, may perhaps belong to the same genus. 

Order III. Carinat^e. — The third order, which is now by far 
the most numerously represented, is generally characterised by the 
presence of a median keel to the sternum, and by the long axes of 
the adjacent portions of the scapula and coracoid forming at their 
junction an acute or slightly obtuse angle, as well as by the upward 
extension of the ischium towards the ilium (fig. 1102). In most 
cases the wings are adapted for flight, but in some instances they 
have become atrophied, while in others they are modified into 
swimming organs. 

There is still considerable diversity of views obtaining among 
Ornithologists as to the classification of this order, and all such 
schemes must consequently be regarded as more or less provisional. 
In the present work the classification adopted by Mr P. L. Sclater 
is followed in the main, although certain modifications suggested by 
Professor Newton have been incorporated. 

Before noticing those fossil forms which are susceptible of being 
placed in definite groups it will be advisable to mention briefly 
certain remains of which the affinity has not yet been determined, 
although it is probable that at least the majority should find a place 
in the present order. As to Laopteryx^ of the Upper Jurassic of 
North America, there appears, as already mentioned, to be consider- 
able doubt whether it is really Avian at all. In the Cretaceous of 
the same country we have Apatornis, Graculavus, Laornis^ Palao- 
fringa, and Telmatornis ; many or all of which probably belong to 
the first suborder. In England the oldest known bird-remains 
occur in the Cambridge Greensand, and have been named Ena- 
liornis^ although it is quite probable that they may indicate more 
than one genus. Some of these vertebrae have more or less flat- 
tened centra ; while the tarso-metatarsus, in which the fusion of the 
component elements is incomplete, is compared to that of the exist- 
ing Colymbus and also to that of Jchthyornis^ and it is highly prob- 
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able that the^e Birds were allied to the latter g^us. The bones 
from the Cretaceous of Europe described as Palaomis^ CimoHorniSy 
and CretorniSy belong to Ornithosauria. 

In the Tertiary we have Eupterornis and from the 

Lower Eocene of Rheims ; while the Upper Eocehe (Dower Oligo- 



Fig. rii6. — Restoration of the skeleton of Ichthyomis dtspixr; from the Cretaceous of 
North America. Reduced. (After Marsh.) 


^cene) of Hampshire has yielded Macrornisy and the Lower Miocene 
(Upper Oligocen#) of the same county Ptenornis, 

Toothed Series. — This extinct series is characterised by the 
presence of teeth, and typically of amphicoelous vertebrae. 


order carinate. 
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Other group of this order. They are confined to the New World, 
and are represented in a fossil state by remains of existing species 
of CrypturuSy Nothura^ Tinamus^ and RhynchotuSy in the Pleistocene 
cave-deposits of Brazil. 

Suborder 3, Impennes. — The Penguins {ApUnodyteSy &c.) of 
the Antarctic regions form a peculiarly interesting and well-defined 
group of Birds, in which the wings are modified for swimming, and 
the component bones of the tarso-raetatarsus are separated by vacui- 
ties. It has recently been proposed that the Impennes should form 
a primary group of equivalent rank with the Carinatae, under the 
name of Eupodornithes. Unfortunately scarcely anything is known 
of their palaeontological history, the only fossil type being Palce- 
eudyptes from the Tertiary of New Zealand. 

Suborder 4. Tubinares. — The Petrels, or ProcellariidcKy are 
the only family of this group. The only known fossil representa- 
tives are members of the existing genus Puffinus (Shearwater), which 
have been recorded from the Lower Miocene of Allier, in France, 
and also from the Miocene of the United States. 

Suborder 5. Pygopodes. — According to the opinion of Pro- 
fessor Newton this and the two following groups should be regarded 
merely as sections of a single suborder, but since no name has been 
proposed for this larger group the three divisions are retained. Of 
the Pygopodes, the Alcidcty or Auks, include the Great Auk {Aka 
imp^nnis) of the Arctic regions, which now appears to be totally ex- 
tinct, but of which the remains are found abundantly in the peat 
and other superficial deposits of northern Europe. Remains re- 
ferred to the genus Uria (Guillemots) are found in the Upper Plio- 
cene of Italy; and Guillemots also occur in the Tertiary of the 
United States, where they have been described under the name of 
Catarractes, In the Colymbida, which includes the Grebes and 
Divers, remains of the Red-throated Diver {Colymbus glacialis) are 
found in the Pleistocene deposits of Mundesley, in Norfolk ; while 
the extinct Colymboides of the Lower Miocene of Allier appears to 
be an allied form. 

Suborder 6. Gavle, — Of the Laridm (Gulls and Terns) a species 
of Larus occurs in the Allier Miocene ; while Hydrornis of the lat- 
ter deposits may probably be referred to the same family. An 
undetermined genus from the London Clay may perhaps be also 
referable to the present group. 

Suborder 7. Limicol/e. — The Limicolae are somewhat abun- 
dantly represented in Tertiary deposits ; the subaquatic habits of 
wnany of its members being probably conducive to the preservation 
of their remains. In the family ^olopacidce the genus Numemus 
(Curlew) is recorded from the Middle Miocene of Gers, in France, 
and the Pliocene of Italy ; Limosa (Godwit) occurs in the .Upper 
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Eocene (Lower Oligocene) of Montmartre; Totanus (Redshank) in the 
Allier Mioceneand the Pliocene of the Val d'Arno, in Tuscany ; and 
Tringa (Knot Sipd Dunlin) probably in the Montmartre, and cer- 
tainly in the Allier beds, and the equivalent deposits of the Mayence 
basin. Eiorius is an extinct genus from Allier, probably allied to 
Limosa. The Woodcock (Scolopax rusticold) has left its remains in 
the Pleistocene of Westphalia ; and a species of Himantopus (Stilt) 
is found in the Allier Miocene. In the family Charadriidce (Plovers) 
a species of the type genus Charadrius occurs in the Upper Eocene 
of Colorado ; while the genus Camascelus (with which Dolichopterus 
is not improbably identical) is known from the Lower Miocene beds 
of Ronzon, in France. 

Suborder 8 . Alectorides. — The Alectorides form a somewhat 
ill-defined group, which is taken by Mr Sclater to include the 
OtididcBy although Professor Newton regards the latter as more 
nearly allied to the Gavise and Limicolse. The family Gruidce^ or 
Cranes, is represented by the type genus Grus in the Pleistocene of 
Europe, India, and the United States, and also in the Lower Pliocene 
Pikermi beds of Greece, and the Miocene of Allier. Allied extinct 
genera are Palmgrus of the Eocene of Italy, and Aletornis of that of 
Wyoming. The Otidida are represented by a species of Bustard 
{Otis) in the Allier Miocene. 

Suborder 9. FuLiCARiiE. — This suborder comprises the Rails, 
Coots, Water-hens, etc.; all of which are included in the single 
family Rallidce^ and are of more or less aquatic habits. Birds re- 
ferred to the type genus Rallus (Rail) occur in the Montmartre 
Eocene, the Miocene of Allier and Gers, and the Italian Pliocene. 
Remains of Gallinula (Water-hen) are recorded from the Pleisto- 
cene beds of Brazil and Queensland; in both of which deposits 
we meet with others referred to Forphyrio (Purple Water-hen) — a 
genus now widely distributed over the warmer regions of the globe. 
An extinct species of Coot {Fulica) has also been described from 
the Queensland Pleistocene. Notornis, w'hich occurs in the Pleisto- 
cene of New Zealand and was also found living some years ago, 
is a large Rail allied to the Australian Tribonyx ; while Aptornis, 
which is a very large form from the same deposits totally incapable 
of flight, is more nearly related to the existing Ocydromus of New 
Zealand. Aphanapteryx {Erythromachus) from the Pleistocene of 
Mauritius and Rodriguez is another large Rail allied to Ocydromus, 
Lastly, Gypsornis^ of the Montmartre Eocene, is considered to be 
the earliest representative of this family. 

Suborder 10. Gallin^e. — The Gallinae form a large group of 
Birds mostly living to a considerable extent on the ground, and of 
comparatively stout build. They comprise the families Megapod- 
ida (Megapodes), Cracida (Curassows and Guans), Phastanidoe 
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(Pheasants, Turkeys, etc.), and Tetraonida (Grouse). The Gallinae 
together with the following group of Columbse were formerly 
bracketed together under the name of Rasores, and it is by no 
means certain that the departure from this arrangement is an advis- 
able one. The skull (fig. 1 1 03, p. 1 2 1 o) has peculiar palatal features, 
a sharp curved beak, and a recurved process to the angle of the 
mandible. Many of the genera of Gallinae (especially the males) 
are characterised bv the presence of one or more strong bony spurs 
on the inner side of the tarso-metatarsus 
(fig. 1 1 18). The first two families are at 
present unknown in a fossil condition. In 
the PhasianidcBy however, the typical genus 
Phasianus occurs in the Allier and Gers 
Miocene deposits, and also in the Lower 
Pliocene of Pikermi ; Francolinus (Fran- 
colin) is represented by remains of exist- 
ing species in the Pleistocene of Southern 
India (fig. 1118); Coturnix (Quail) in the 
Montmartre Eocene gypsum; the extinct 
Pal(Bortyx in both the latter deposits and 
the Isbre and Allier Miocene beds, the 
Fig. xxx^.~Francoiinus pondi- so-called PalcBoperdix of the Mayence 
J 2 Sl?rfroJ*'rh.‘'pi«is“S^ne' of Mioccnc being probably identical ; while 

Madras, a, Posterior ; b. Anterior ^ speciCS of GalluS^ SOmewhat larger than 

the existing Indian G, Sonnerati^ is found in 
the Pikermi Pliocene. From the Miocene of the United States a 
Turkey (Meleagris antiqud) has been recorded, and is described as 
equal in size to the living species now characteristic of America. 
In the Tetraonidm remains of the living Capercaillie (Tetrao uro- 
gallus) occur in the Norfolk Forest-bed ; while an extinct species 
of the same genus has been described from the Upper Eocene of 
Languedoc. Remains of the existing Willow Grouse {Lagopus 
albus) are found in the Pleistocene of Westphalia. 

Suborder ii. Columb^. — This group is taken to include the 
existing Sand-grouse {Pteroclidce), and the Pigeons {Colutnbidce). In 
the first-named family a species of the type genus Pterocies has been 
described from the Allier Miocene. The Columbidce are known by 
a species referred to Coiumba from the last-named deposits, as well 
as by another provisionally referred to the same genus from the 
Pleistocene of Rodriguez. Of especial interest is a tarso-metatarsus 
from the Pleistocene of Queensland described by Mr De Vis under 
the name of Progoura^ and regarded as indicating a bird allied to 
the Crowned-Pigeons (Gourd) of New Guinea. Goura shows 
some signs of affinities to the Phasianidce, and these resemblances 
are said to be more marked in Progoura^ which is double the 
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size of the existing forms. Here also may be placed the now 
extinct family Dididct^ represented by the Dodo {Didus ineptus) of 
Mauritius, and the Solitaire (Pezophaps solitaria) of Rodriguez. 

Of these two singular birds, the Dodo formerly inhabited Mauritius 
in great numbers, but the last record of its occurrence dates from the 
year 1681. It was a large and heavy bird (fig. 1 1 19), bigger than a swan, 
and entirely unlike the pigeons in general appearance. The wings were 
rudimentary and completely useless as organs of flight. The legs were 
short and stout, the feet had four toes each, and the tail was extremely 



Fig. II 19. —Skeleton of the Dodo {Didus ineptus\ restored. (After Owen. 


short, carrying, like the wings, a tuft of soft plumes. The beak (un- 
like that of any of the Columbee except the little Didunculus strigtros- 
tris) was arched towards the end, and the upper jaw had a strongly- 
hooked apex, not unlike that of a bird of prey. The frontal region of 
the skull was greatly elevated and tumid, from the excessive development 
of cellular cavities between the two tables of the skull, and the actual 
brain-case was very small in proportion to the size of the cranium. In 
many respects allied to the Dodo, and, like it, incapable of flight, was 
the Solitaire, of which the last recorded appearance was m the year 
1693. The Solitaire had longer legs and neck than the Dodo, the bill 
was less strongly arched, its forehead flatter, and there was developed 
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Upon the radial side of the metacarpus an extraordinary spherical callus- 
like mass of bone, about as large as a musket-ball, and with a roughened 
surface. This singular callosity is much more developed in certain 
individuals— supposed to be males— than in others, which we may pre- 
sume to be females ; it was doubtless covered during life by a horny 
integument, and seems to have been used as an offensive weapon. 
Both these Birds are known to us by nearly entire skeletons obtained 
recently from the islands which they inhabited ; and of the Dodo we 
have also a few remains belonging to entire specimens once preserved in 
our museums, which were unfortunately allowed to fall into decay, from 
apparent ignorance of their priceless value. 

Remains of existing species of several genera of Columbidcs are 
found in the Pleistocene cave-deposits of Brazil. 

Suborder 12. Anseres. — The Anseres, or Goose-like Birds, form 
a well-defined subordinal group, characterised by peculiar features, 
in the palatal region of the skull, and by the perfectly webbed feet ; 
the beak being generally broad and spatulate, and the angle of the 
mandible with a recurved process (fig. 1120). All the existing 
members of this group are referred to the family Anatidcdy which 
is, however, split up into several subfamilies. A peculiar subfamily 
is represented by the living Cereopsis^ of Australia ; allied to which 
is the much larger extinct Cnemiornis^ of the Pleistocene of New 



Fig 1120. —Skull of Spur-wingcd Goose {PUctropterus gambenstsy, Reduced. 


Zealand, which was quite incapable of flight. In the subfamily 
AnserifUB^ remains of the Grey- Lag Goose (Anser cinereus) occur 
in the European Pleistocene. The Cygnince^ or Swans, are repre- 
sented by the extinct Cygnus Falcomri^ from the Pleistocene cave- 
deposits of Malta, In the Anatina (Ducks) an extinct species of 
Tree-duck {Dendrocygna) is recorded from the Pleistocene of 
Queensland. Remains of the Wild-duck (Anas boscas) occur in 
the Pleistocene of Europe ; A. atava and A. cygniformis are found 
in the Middle Miocene of Bavaria, the latter species being nearly 
as large as a Swan ; A. osningensis^ from the Upper Miocene of 
Switzerland ; A. lignifilay from the Middle Miocene of Italy ; and 
A. Blanchardiy from the Alher Miocene. Remains of the Shoveller 
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Duck (Spatula clypeata) have been found in the Norfolk Forest- 
bed. In the PuligulincB, the type genus Fultgula (Pochard) is 
recorded from the Upper Pliocene of the Val d'Arno, in Italy, 
and Nyroca (White-eyed duck), from the Pleistocene of Queens- 
land ; while in the Mergince, it is probable that Mergus (Merganser) 
was represented in the Pliocene Siwaliks of India. The extinct 
Chenornis^ of the Italian Miocene, also belongs to this family, 
although its precise position is uncertain. 

Suborder 13. Odontopteryges. — The Odontopterygidce^ repre- 
sented by Odontopteryx^ of the London Clay, appear to indicate a 
distinct subordinal group, which may be provisionally placed here. 
In this singular bird the alveolar margins of both jaws are furnished 
with tooth-like serrations (fig. 1121) which differ from true teeth 
in being actually parts of the osseous substance of the jaw itself, 
and thereby agree with those found in the Chelonian genera Har- 
della and Batagur, They are of triangular or compressed conical 



form, and of two sizes. Upon the whole, Odontopteryx would 
appear to be most nearly allied to the AnatidcB^ but the serration of 
its jaws is an entirely unique character, unknown in any existing 
type. 

Suborder 14. Palamede^. — Of this group, comprehending only 
the American Screamers {Chauna, &c.), no fossil representatives are 
known. 

Suborder i 5. ODONXOGLOSSiE. — The only family of this group 
is the Phcenicopteridce^ or Flamingos, which are exceedingly long- 
limbed waders, distinguished by a peculiar downward bend of the 
beak, and presenting characters connecting them on the one hand 
with the Anseres, and on the other with the Herodiones. The 
existing genus Phcenlcopterus is found in the Allier Miocene ; while 
in the same beds, as well as in the equivalent deposits of the 
Mayence basin, and also in the somewhat higher strata of Stein- 
heim, in Bavaria, occurs the peculiar genus Palalodus^ which, 
while apparently allied to Phcenlcopterus^ presents some affinity to 
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the Limicolae, and ijso shows 4>ne osteological feature now only 
occurring among the Fygopodes in Podiceps (Grebes) and Colymhus 
(Divers). JSlornis, from the Lower Miocene of Ronzon, appears 
to be also allied to the Flamingos ; while Agnopterus^ from the 
Upper Eocene of Montmartre, may perhaps be also included in 
the present group. 

Suborder i6. Herodiones. — This suborder includes the Plata- 
leidce^ or Spoonbills and Ibises ; the Ctconiidce^ or Storks \ and the 
Ardeidm^ or Herons ; all of which are waders. The Plataleida are 
represented in past epochs by an extinct species of Ibis (/. pagana\ 
from the Allier and Steinheim Miocenj ; while the existing Asiatic 
Black-headed Ibis (/ melanocephald) has left its remains (fig. iio8, 
p. 1217) in the Pleistocene cave-deposits of southern India. An- 
other existing species of this genus occurs in the cave-deposits of 
Brazil. In the CiconiidcB^ an extinct species of the African and 
Oriental genus Leptoptilus (Argala\ which includes the giant 
Adjutant Stork of India, is found in the Pliocene Siwaliks of the 
latter country, and another in the Middle Miocene of Bavaria; 
while an undetermined Ciconioid, from the Pikermi beds of 
Attica, may possibly belong to the same genus. Part of a meta- 
tarsus, from the Tertiary of Argentina, indicates a bird double the 
size of the Pampean Stork, and has been made the type of the 
genus Palmociconia, The Indian Siwaliks have also yielded remains 
of another giant Stork, of which the genus has not yet befen deter- 
mined. In the Pleistocene of Queensland there occurs an extinct 
species of Xenorhynchus, In the Ardeidce the type genus Ardea 
(Heron) is represented in the Bavarian Miocene by a species {A. 
similis) apparently closely allied to, but rather stouter than, the 
common Heron {A» cinerea) ; and remains of the same genus also 
occur in the Miocene of Allier and Gers. The Night-Herons 
{Nycticorax) are known by an extinct species in the Pleistocene de- 
posits of the Island of Rodriguez. Finally, certain remains from 
the London Clay may possibly indicate that this family dates from 
that epoch. 

Suborder 17. Steganopodes. — In the Steganopodes are in- 
cluded a number of web-footed Birds, such as the Darters {Plotida\ 
Cormorants {Pkalacrocoracid(B\ Albatrosses and Frigate-Birds (Fre- 
gatidm\ and the Pelicans {Pelicanidm)^ some of which are regarded 
as more or less closely allied to the Gaviae, while it is suggested 
that there may also be a connection between this group and the 
Accipitres. The Plotida, are only known in a fossil state by a 
species of the one genus Plotus^ from the Pleistocene of Queens- 
land. In the Phalacrocoracidm we find the type genus Phala- 
cr^corax {Graculus or Cormoranus) in the Eocene of Montmartre, 
the Allier Miocene, the Pliocene of the United States, and prob- 
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ably also in the Indian Siwaliks ; lemains of the existing Cormorant 
(P, carbo) being found in the Norfolk Forest-bed. Sula (Gannet) 
occurs in the Miocene beds of Colorado and of Ronzon (Puy-en- 
Velay) ; while Peiagornis^ of the Allier Miocene, is provisionally 
plac^ in this family. In the Fregatida remains of a Diomedia, 
apparently closely allied to the Albatrosses of the Southern seas, 
have been described from beds at the top of the Suffolk Crag; 
while it is considered probable that Argillornis^ of the London 
Clay, indicates the existence of this family in the Lower Eocene. 
In the Pekcanida remains of true Pelicans {Pelecanus) occur 
in the Miocene of Allier^ §nd Bavaria, as well as in the Indian 
Siwaliks. * 

Suborder i8. Accipitres. — The Accipitres, or Diurnal Birds 
of Prey, are characterised by their curved beak (fig. 1122, b), the 
absence of a circle of feathers round the eye, and the powerful 
talons of the foot (fig. 1122, a), as well as by many osteological 
features, and especially the nearly straight line formed by the three 



Fig. 1X82.— A, Foot of the Peregrine Falcon ; b, Head of Buzzard. Reduced. 


terminal trochleae of the tarso-metatarsus (fig. 1123), and the ab- 
sence of a bony bridge over the extensor tendons at the distal 
extremity of the tibia. The probability of this group being related 
to the Steganopodes has been already noticed. The CathartidcB^ 
or American Vultures, are represented by existing species of Cath- 
artes and Gyparchus in the Pleistocene of the Brazilian caves. It 
has also been considered that this group is represented in Europe 
by Litkornis vuiturinus, of the London Clay ; an opinion which, if 
confirmed, will be of considerable interest from a distributional 
point of view. The peculiar Serpentariidce, or Secretary Vultures, 
of Africa, are known by a species of the one existing genus Ser- 
pentarius from the Allier Miocene. The Falconide include all the 
remaining genera, which are grouped in several subfamilies. Of 
these the VuI/urifUB, or true Vultures, are represented in the Pleis- 
tocene breccia of Sardinia by remains of the type genus Vultur; 
while those of the existing Afro-Indian Neophron percnopterus are 
voL. n. 2 
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recorded from the equivalent cave-deposits of southern India* In 
the other groups we have evidence of a species of either Milvus or 

Circus (fig. 1123) from the last-named 
^ deposits, the figure being given in order 
H to show the form of the distal end of the 
tarso-metatarsus so characteristic of this 
jf I suborder. Milvus is recorded from the 

ffl 4 Allier Miocene ; and Falco from the 

Montmartre Eocene. Species referred 
^ to Aquila are mentioned both from the 
B Miocene of Allier and Gers, and the 
Circus, Sardinian Pleistocene: while Haliaetus 

sp. The distal half of the left tarso* . i i r i-. ^ i- 

metatarsus, from the anterior (a) IS recorded frOm GcrS. Of eXtinCt 

H.lsSnToVter’'™'"*"' genera Palaohierax, from the Allier 

Miocene, is regarded as beftig*^allied to 
Aquila ; while Palmocircus^ of the Montmartre Eocene, is described 
as showing affinity to the Buzzards {Buteo\ and the Osprey {Pan- 
dion ) ; Teracus^ from the Ronzon Miocene, being an imperfectly 
known form. The largest known member of this suborder is 
Harpagornis^ from the Pleistocene of New Zealand, which was 
apparently allied to Circus. Finally, several existing species of 
Falconidcc are recorded from the Pleistocene of the Brazilian 
caves. 

Suborder 19. Striges. — The Striges, or Owls, were formerly 





— A, Foot of tb« Ixmg-^ared Owl {ptus vulgaris)\ b, Head of the same. Reduced. 


grouped with the Accipitres, but are now regarded as being prob- 
ably more nearly allied to the Parrots. Comparatively few fossil 
forms are known ; but in the Asianida, or Eagle-Owls, we have the 
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great Eagle-Owl (Bubo ignavus) in the Norfolk Forest-bed, and 
the existing Indian B, coromandus in the Pleistocene of Madras ; 
while this genus is also recorded from the Allier Miocene, and is 
represented in the Eocene of the United States by B, leptosteus^ 
which was about two-thirds the size of the existing B, virginianus 
now inhabiting the same regions. The existing Ceylon Fish- 
Owl {Cetupa^ ceylonensis) occurs in the Pleistocene of Madras, and 
the great European Snowy Owl (Nyctea scandiaca) in that of West- 
phalia. In the Strigidis^ or true Owls, remains of an extinct species 
of Carine have been described from the Pleistocene of the Island 
of Rodriguez; while bones from the Miocene of Allier and Gers 
have been referred to Strix, 

Suborder 20. Psittaci. — ^The Parrots, Cockatoos, and their 
allies, which^ constitute this suborder, are now confined to the 
warmer ' regions of the globe, and are remarkable for the presence 
of a hinge-joint at the base of the strongly-curved cranial portion of 
the beak, whereby the upper jaw can be moved upon the cranium 
proper, as is shown in fig. 1 1 2 5, a. All the genera are of scansorial 



Fig. 1125. — Right lateral aspect of the skull (a) and of oi Psittacus erythacus. 

Reduced, a, First (hallux); Second; c. Third; Fourth digit. (After Blanchard.) 

habits, and the foot has a hallux (fig. 1125, b). In the Psittacida^ 
or true Parrots, remains from the Allier Miocene have been referred 
to the typical African genus Fsittacus, but that term must be used 
in a wider sense than the one in which it is employed by the students 
of recent Ornithology. Lophopsittacus is an extinct genus from the 
Pleistocene of Rodriguez. Remains of the genus Nestor^ peculiar 
to New Zealand, occur in the deposits of that country which yield 
Dinornis, and probably belong to existing species. The American 
Macaws are represented by species of Ara in the Brazilian cave- 
deposits. In the Palceornithid(By which includes the Lories and 
Parakeets, an extinct species of the existing African and Oriental* 
genus Palaornis occurs in the Pleistocene of Rodriguez, which has 
also yielded the extinct Necropsittacus. The StringopidcB of New 

^ Amended from Ketupa, 
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Zealand, and (Cockatoos) of Australia, have not yet 

been recorded' in a fossil state. 

SuBORBffif ai- PfCARii€. — The Picaria are a somewhat hetero- 
geneous group of Birds, of which it will be unnecessary to mention 
all the families, since only a few are definitely in a fossil condition. 
To the African Musophagidm^ or Plaintain-cutters, it is thought the 
extinct Necrornis^ from the Miocene of Gers, may possibly belong. 
The remarkable LeptosomatidcB^ of Madagascar, which connect the 
Coraciidm with the Cuculida^ are represented by a species of the 
type genus Leptosoma in the Allier Miocene. The latter deposits 
have also yielded a species of Trogon, the type of the family Tro- 
gonidoi, Idmnatornis, of the same beds, is referred to the Upupidm^ 
or Hoopoes ; while it is considered that the Upper Eocene Cryptor- 
nis may belong to the Bucerotidce^ or Hornbills, of the Ethiopian 
and Oriental regions. The Akedinidce^ or King-fishers, are repre- 
sented in the London Clay by Hakyornis ; whil^ in the Piddce 
(Woodpeckers) we have the existing genus Picus in the Middle 
Miocene of Is^re and the Lower Miocene of Allier, and the extinct 
Uintornis in the Eocene of Wyoming. Finally, the Cypselidce^ or 
Swifts, are known to have existed since the Allier Miocene, where 
we find a species of the type genus Cypse/us closely allied to existing 
forms. 

Suborder 22. Passeres. — Of the Passeres, the last and most 
highly organised group of the class, an enormous number of living 
genera and species are known ; but from the comparatively small 
size of the majority of species, and the difficulty of distinguishing 
even genera by fragmentary bones, scarcely anything is known of 
their palaeontological history. To the Alaudidm (Larks) has been 
provisionally referred Protornis^ from the Lower Eocene of Glarus 
in Switzerland ; and Alauda is recorded from the Upper Pliocene 
of Italy. In the CorvidcR (Crows) the type genus Corvus has been 
described from the Allier Miocene. In the Pleistocene of Rodriguez 
the extinct PTecropsar is a Starling {Sturnidce) closely allied to the 
pied and crested Fregikpus of Reunion, which also appears to have 
recently become extinct. Among the Fringillida (Finches) Loxia 
and Passer are provisionally recorded from the Allier Miocene ; and 
to this family may perhaps be referred the extinct geous PalcBospiza^ 
from the Upper Eocene of Colorado. Finally, we have a repre- 
sentative of the Laniidce, or Shrikes, in a species of Lanius from 
the Allier Miocene ; while the Sittida (Nuthatches) date their exist- 
ence at least from the fossil Sitta of the Montmartre Eocene, and 
are also represented by a species in the Upper Pliocene of Italy. 
Lastly, the cave-deposits of Brazil have yielded remains of several 
existing forms of Passerines, among which it will suffice to mention 
a species of Swallow {Hirundo), 
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CHAPTER LVIII. 

CLASS MAMMALIA, 

" GENERAL STRUCTURE. 

♦ 

The Mammalia, or highest class of the Vertebrata, are character- 
ised by having some part of the integument provided with hairs at 
some period of life, and by the young being nourished for a longer 
or shorter time by the milk, or special secretion of the mammary 
glands. As characters available in the case of fossils, it may be 
observed that the cranium articulates with the atlas vertebra by two 
occipital condyles, mainly formed by the exoccipitals ; while each 
ramus of the mandible consists of only a single piece, which proxi- 
mally articulates directly with the squamosal element of the cranium 
without the intervention of a quadrate ; and there is no movable 
joint between the proximal and distal rows of the tarsus. Like the 
Sauropsida, Mammals possess during development an amnion and 
allantois, and are totally devoid of gills. They differ from Reptiles 
and agree with Birds in having a four-chambered heart, warm blood, 
and a complete double circulation. They are peculiar in that the 
red corpuscles of the blood are not nucleated and usually circular; 
in the lungs being freely suspended in the thoracic cavity, which is 
separated from the abdomen by a muscular partition termed the 
diaphragm ; in the presence of only the left aortic arch ; and in the 
perfection of the transverse commissure (corpus callosum) connect- 
ing the two cerebral hemispheres. Feathers, moreover, are never 
present, and there is no syrinx or lower vocal organ, although 
a complete larynx is always developed in the upper portion of the 
trachea^ or respiratory tube. 

It will be unnecessary in this work to make any further mention 
of the soft parts, but a few remarks must be made concerning the* 
tegumentary and dental systems, and the endoskeleton ; although 
the student must refer to other works for fuller information on these 
subjects. With regard to the tegumentary system, it will suffice to 
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observe that imbricated hohiy scales occur in the epidermis only in 
the family Manida amoig the Edentata ; and fiat homy shields, 
Hkh their edges in apposition, in the tails of the Beaver, Rats, and 
certain Insectivores and Marsupials. The Armadillos and Glypto- 
donts develop, however, a series of bony scutes articulating with 
one another in the true dermis, which are covered by homy epi- 
dermal shields ; the whole structure being thus precisely comparable 
to that obtaining in the Crocodilia. Smaller separate bony scutes 
also occur in the dermis of Mylodon. The horns of the Ruminants 
and Rhinoceroses are entirely epidermal structures ; the former 
being hollow sheaths enveloping bony cores, while the latter are 
solid throughout. 

The dental system, as being of extreme importance for the deter- 
mination of the extinct forms, must be noticed somewhat more fully. 
Calcified teeth are developed in the great majority of Mammals, but 
in the true Whales they occur only in the embryo, in Ornithorhynchus 
Jhey disappear in the adult, while in Echidna^ Manis^ and Myrme- 
cophaga^ no traces of them have as yet been detected. In the adult 
of Ornithorhynchus and Rhytina the function of teeth is discharged 
by horny plates, or cornules on the palate. In all other forms, how- 
ever, true teeth, which are developed only in the premaxilla, maxilla, 
and dentary bones, are present ; and are usually composed of the 
three elements, dentine, enamel, and cement, although occasionally. 
Its in the existing Edentates, the enamel is absent. The dentine, 
or ivory, forms the chief constituent of most teeth. This is coated, 
either completely or partially, in the majority of cases by a thin in- 
vesting layer of the hard flint-like enamel, which is readily distin- 
guished from the dentine by its bluish-white and translucent appear- 
ance, while the outermost coat of cement, when present, is of a dull 
opaque white, or buff, colour. The cement is frequently found only 
as a thin coating at the roots of the teeth ; but it is very largely 
developed in the crowns of the hinder teeth of many Ungulates. 
In the teeth of the great majority of Mammals (as in fig. 1126) the 
crown, or exposed portion, is sharply defined by a construction 
known as the neck from the root, or embedded portion ; but in those 
teeth to be immediately noticed, which grow continuously, there is 
no such distinction between the crown and the root. In no Mam- 
mals are the teeth anchylosed to the bones of the jaw \ ^ and they 
are invariably implanted in distinct alveoli, or sockets, which are, 
however, very imperfect in certain Cetacea. In all young animals, 
while the teeth are still growing, the inferior extremity of the root, 
or roots, is widely open ; but in the majority of instances this aper- 
ture becomes completely closed in the adult (fig. 1126). In certain 


^ Except, perhaps, the incisors of the Shrews. 
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cases, however, as in the anterior cuttir%-teeth of the Rodents and 
the tusks of the Elephant, the root remAis permanently open be- 
low, and the tooth consequently continues to grow throughout thit 
life of the animal. In such circumstances the teeth are said to have 
persistent pulps. The anterior teeth (fig. 1126, c, t), with some 
rare exceptions, are of simple structure and have but a single root ; 
but the hinder ones (tdtd.y pm^ m) very generally have more or less 
complex crowns, which may be supported by from two to four roots ; 
such division of the roots being unknown outside the Mammalian 
class. In many forms the summits or sides of the crowns of the 
hinder teeth may be interpenetrated by deep re-entering folds of 
enamel, which may be filled up with cement ; these folds being espe- 



Fig. iia6.— Teeth of the right side of the lower jaw of the Chimpanzee. /, Incisors; 
c, Canine ; pm. Premolars ; True molars. (After Owen.) 


cially developed in many Rodents and Ungulates. From this 
structure it will naturally result that when a horizontal section of the 
crown of such a tooth is made by the wearing of the upper against 
the lower series, an extremely complex pattern will appear, as will 
be seen in the figures of the cheek-teeth of the above-mentioned 
groups which are given below. Much more rarely, as in the Horse, 
there may be an infolding of the enamel in the summits of the 
crowns of the anterior teeth. 

With the exception of the above-mentioned edentulous forms, in 
all existing Mammals one definite set of teeth, which is almost 
always constant in number, is developed, and this set when it ap- 
pears usually persists throughout the remaining portion of the life 
of its owner. In a large number of species this is the only set ever 
developed ; and such species, or groups of species, are consequently 
said to be Monophyodont In the greater majority of Mammals, 
however, the development of occasionally only one, but usually of 
the greater number of the anterior teeth of this permanent set is 
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retarded, and their function filled for a time by an earlier series 
of so-called milk-teeth ; shch Mammals being accordingly termed 
IJ^hyadfint As'development proceeds the permanent teeth in such 
Mammals come up beneath the milk-teeth, and thus replace them 
in a vertical direction ; but there are instances where certain of these 
milk-teeth have no such permanent successors, while in other cases 
the anterior teeth which come into use with the permanent denti- 
tion have no milk predecessors. Those Mammals with a Mono- 



Fig. 1127. — Outer lateral aspect of the left dentition of the Pig (. 9 *#^ scrofa), with the outer 
lamina of bone removed, in oroer to exhibit the roots of the teeth, t, Incisors ; c, Canine ; /m, 
Premolars ; m, True molars. 


phyodont dentition present the least specialised development, since 
the milk-series appears from the latest researches to be an addition 
grafted on to the permanent one; and there is accordingly no homo- 
logy between this definite single replacement and the irregular con- 
tinuous change which takes place in many Reptiles. In some Mam- 
mals, like the Dolphins (Delphinid<E\ all the teeth are so much alike 
that they cannot be divided into groups, and the dentition is then 
described as ffommodont ; but in the majority the permanent teeth, 
either from their position or their mode of succession, can be sepa- 
rated into four distinct groups (as in figs. 1126, 1127), and the den- 
tition is then termed Heterodont. In Eutherian Diphyodont Mam- 
mals the total number of teeth of the permanent series does not 
normally exceed 44; and in forms like Sus (fig. 1127), or the ex- 
tinct AnoplotheriuMy where this full complement is present, the first 
three upper teeth (/ 1-< 3) on either side, which are situated in the 
pretnaxillse, are termed incisors ; the last three {m 1-^3), which are 
distinguished by having no milk-predecessors, true molars ; the four 
submotoriform teeth {pm i-pm^) in advance of the latter, of which 
the last three have such deciduous predecessors, premolars ; and 
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the single subconical tooth (c) situated between the premolars and 
the incisors the canine ; the latter tooth being the first of those 
borne by the maxilla. The same terms are applied to the corrjgf 
spending lower teeth, although it will be unnecessary here to indicat^’ 
how such serial correspondence is worked out. For the sake of 
brevity such a dentition may be expressed by the numerical 

formula — /. - — ~ ; C ; Piw. ~ — ^ ; M - — ~ = 44 ; but 

3—3 I— I 4—4 3—3 

since the teeth of opposite sides of the jaws always correspond, such 
a formula may be further simplified into — 

C. - ; Pm, ~ ; M, -=22 x 2 = 44. 

31 4 3 

The individual teeth of each group are enumerated from before 
backwards, and by such a formula as the following — viz., 

/. I, /. 2, /. 3, C., Pm, I, Pm, 2, Pm, 3, Pm, 4, J/. i, M, 2, M, 3, 

/. I, /. 2, I, 3, C., Pm, I, Pm, 2, Pm, 3, Pm. M, i, M, 2, M, 3, 
— each individual tooth can be specially noted. Thus, for example, 
pm. I will indicate the first upper premolar, and m. 3 the third, or 
last, lower true molar. It will frequently, moreover, be convenient 
to speak of the incisors and the canine collectively as the cutting-^ 
and of the premolars and true molars as the cheek-teeth. It is very 
generally the case that when the true molars are reduced to less 
than three it is the hinder tooth, or teeth, that disappear ; in the 
premolars it is, however, frequently the anterior teeth that are want- 
ing, although this is by no means invariably the case, and there are 
instances known where the second and fourth disappear, while the 
first and third remain. In the figure of the lower dentition of the 
Chimpanzee given on page 1247, premolars are usually 

reckoned as pm. 3 and pm, 4, but it is not certain that such is 
really the case. Again, it has been suggested that the two incisors 
found in that species, in common with other Primates, may be the 
first and third of the typical Eutherian series of three, although other 
authorities regard them as the second and third. It may also be ob- 
served that in some groups, as the Carnivora, the specialised forms 
tend to lose the molars and retain the full number of anterior teeth ; 
while in others, like the Ungulates, the reverse condition obtains. 

The milk-dentition may be expressed by a similar formula with 
the prefix of the letter M, to the symbols. The typical milk-series 

will thus be written as M,i, ?, M, c^, M,m, - ; the three milk- 

3 I 3 

molars corresponding to the last three premolars of the permanent 
series. In a few Ungulates, however, such as Tapirus, and some-' 
times Rhinoceros and Palceotkerium^ four milk-molars are developed. 
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Mxe^o^ lilies eaektiiag Metatheria the niwnb^ ef ttue is 

genaraBy while the premolars are very freqiiently reduced to 

• '"> 4 . . T • • 

numba*^ and there may be five upper toasors. In one existing, 

and several Mesozoic members of that subclass, the number of true 
molars exceeds four ^ but, with the possible exception of some of 
these extinct types, there is no known instance of a heterodont 
Mammal normally having more than four premolars; and there 
is never more than a single canine tooth on either side of each 
jaw. 

Since in Ungulates it is sometimes difficult to distinguish molars 
from premolars, it may be well to mention how the division between 
the two series can always be determined. Since the first tooth of the 
true molar series always comes into U‘^e before the last milk-molar is 
shed, it is obvious that in the adult the first true molar will always 
be more worn than the last premolar. Thus, in the three teeth of 
Hipparion represented in fig. 1233, the tooth on the left side of 
the figure being more worn than the one in the middle is thereby 
shown to be the first of the true molar series ; the other two being 
consequently premolars. 

The different types of cheek-teeth will be mentioned under the 
head of the various orders and families, but a few general observa- 
tions may be recorded here. Professor Osborn considers that the 
primitive Mammals had simple conical teeth with undivided fangs, 
and that the crowns of the teeth of the upper and lower jaws mu- 
tually interlocked. Teeth nearly approaching to this type occur in 
the Tnassic Dromatherium (fig. 1140), while those of the Dolphins 
are looked upon as a reversion to this type. Another simple type, 
according to the views of the same author, is that found in Tricono- 
don and Priacodon (fig. 1147), where the upper and lower teeth 
alike consist of three cusps in a line ; the upper teeth biting on the 
outer side of the lower. A third common, and apparently very 
generalised, type of tooth is that known as the trituber cular. This 
consists in the upper teeth of one inner and two outer ersps, ar- 
ranged in a triangle ; while m the lower jaw the reverse arrangement 
obtains, so that there is one cusp on the outer and two cusps on the 
inner side of the crown. An example of this type of structure in 
its simplest form occurs in the Mesozoic genus Spalacotherium. 
Modifications of this type occur in the lower teeth of many Marsu- 
pials (e,g., fig. 1145), and also in the lower camassial teeth of the 
Carnivora, of which mention is made in the sequel. The trituber- 
cular type of tooth is regarded by the American Palaeontologists as 
one which has given rise to a large number of the more complex 
nfodifications ; and it is extremely common among the generalised 
Mammals of the Lower Eocene. 
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In ftdult MammalSi an in the Sanropsida, the whole of the primi- 
tive cartilaginous cranium is replaced by extensive ossifications, 
except in the ethmoidal region ; and these bones, with the excep- 
tion of those of the mandible, hyoid arch, and internal auditory 
apparatus, are similarly articulated together at their edges by suture. 
As age goes on there is generally a tendency to the obliteration of 
these sutures, this being most marked in Mams, In all cases the 
parasphenoid has ceased to exist as a distinct ossification. It has 
already been observed that the hinder part of the cranium articulates 
with the first, or atlas, vertebra by two exoccipital condyles, and 
also that each of the two rami of the mandible is composed of a 
single bone articulating at its proximal or hinder extremity with the 
squamosal of the cranium. Owing to the complete incorporation of 
the squamosal and parietal in the walls of the brain-case there is 
(as in the Birds) no superior temporal arcade ; but an inferior, or 
zygomatic, arcade is nearly always present ; and, as in Crocodiles 
(although not in Birds), forms the lower border of the orbit. This 
inferior temporal arcade, or arch, differs, however, from that of most 
Sauropsida in that its jugal element articulates directly with the 
squamosal, in which respect it accords with that of the Dicynodont 
Reptiles, and should be known as a squamoso-maxillary arcade. 
According to the view of Professor Huxley, the Sauropsidan quad- 
rate has been taken up into the inner ear to form the malleus. 
More recently, however, other writers have taken a different view, 
and, according to Dr Baur, the representative of the quadrate is to 
be found in the zygomatic process of the squamosal, with which the 
jugal articulates ; the quadratojugal being also represented at the 
junction of these two bones. Dr Gadow, however, disputes this 
view, and finds the representative of the quadrate in the tympanic 
ring, this determination according with the view here taken as to 
the homology of the zygomatic arcade, which appears to have no 
quadra|ojugal element. 

Again, when, as in the Primates and many Ungulates, the orbit 
is bounded posteriorly by a bony postorbital bar, the ascending pro- 
cess of the jugal articulates directly with the frontal, without the 
intervention of the postorbital or postfrontal, which forms such a 
conspicuous feature in the Reptilian skull. 

In all cases the premaxillae, maxillae, and palatines develop in- 
ferior palatal plates which meet in the median line below the nasal 
passage, and thus completely separate the latter from the cavity of 
the mouth. Except, however,, in the Anteaters {Myrmecophaga), in 
one genus of Armadillo {Tatusia\ in certain Cetaceans, and in one 
species of Hyesnodon^ this flooring of the nasal passage does not 
extend backwards to include the pterygoids, as it does in modern 
Crocodilians. The palatines are always placed behind the maxillae. 
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Finally, the sclerotic of the eyeball never develops a ring of bony 
plates like that so frequently found in the Sauropsida, 

A characteristic feature of the larger bones of Mammals, although 
one by no means peculiar to the class, consists in their ossifying 
from several distinct centres. In the case of the long bones the 
shaft is formed by one centre of ossification, while two distinct ele- 
ments termed epiphyses form the extremities ; in the adult the whole 
of these being welded together into a solid mass. The long bones 
are also tubular, and their vacuity is filled with the fatty marrow. 

The vertebrse always have well-developed articular processes on 
their arches ; the ends of the centra are generally flattened, but in 
the cervical region of certain Ungulata they may be opisthocoelous. 
Terminal epiphyses, so generally wanting in the Sauropsida, are 
nearly always present. The number of vertebrae varies greatly, 
owing to the great difference in the length of the tail in different 
species ; but in the majority of Mammals the number of precaudal 
vertebrae does not vary very far from thirty, although in Hyrax 
and Cholapus their number reaches forty. In spite of the great 
difference in the length of the neck in different Mammals, the 
number of cervical vertebrae in existing forms is, with three normal 
exceptions, seven. These exceptions are Manatus australis and 
Cholcepus Hoffmanni^ in which the number is reduced to six, and 
Brady pus tridactylus, in which it is increased to nine. Accord- 
ing, however, to Professor W. K. Parker there may occasionally 
be eight cervicals in the Pangolin (Manis). The first, or atlas, 
vertebra always has two articular cups for the occipital condyles; 
and, except in certain Cetacea, the second, or axis, has a well-de- 
fined odontoid process. Usually the cervical vertebrae are quite 
free ; but they are anchylosed together in some of the Cetacea, and 
in the Armadillos. The dorsal vertebrae are usually well defined 
from the lumbar, although this is not invariably the case ; and the 
number of dorso-lumbars in any one given group is usually very 
constant, and among the Ungulata affords assistance in classification. 
A distinct sacral region is present in all Mammals except the Ce- 
tacea, where the iliac bones are absent. The number of caudal 
vertebrae varies from three (certain Primates) to forty-six {Manis), 
Chevron-bones are present in the caudal region of many long-tailed 
forms. The sternum is always present, although varying greatly in 
form. It usually consists of a presternum (fig. 1128,/) and of a 
posterior xiphistemum (x\ between which are a varying number of 
segments (tn) constituting the mesosternum. The segments of the 
mCsostemum (fig. 1128, a) may be anchylosed together; and in 
the Balcenidce^ among the Cetacea, only the presternum is present. 
Tfie connection of the ribs with the sternum is generally by carti- 
lage ; but in the Armadillos the costal cartilages ossify, and are then 
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known as sternal ribs. In the anterior dorsal region the capitular 
head of the ribs articulates with the vertebrae in a pit at the junction 
of two centra, while the tubercular head joins the transverse process 
of the second of these two vertebrae ; but in the posterior dorsal 
region the two heads generally coalesce. Dr Baur regards the 
intervertebral articulation of the capitula in the anterior region as a 
direct survival of the intercentral attachment of the ribs of primitive 
forms allied to Theriodont Anomondontia, which has been totally 
lost among other Reptiles ; and the mode of costal articulation is 



Fig. naS.— A, Sternum and right costal cartilages of Man ; b, Sternum and left costal cartilages 
of Dog. /, Prestemum ; Mesosternum ; Xiphisternum. 

undoubtedly very near to that of those Anomodonts which have 
lost the intercentra. Uncinate processes are never present on the 
ribs. 

In all Mammals the pectoral limb is well developed. The pec- 
toral girdle is, however, usually simpler than in lower forms ; the 
coracoid persisting as a distinct bone only in the Monotremata, 
where, however, it anchyloses to the scapula. An interclavicle is 
present only in the last-named order ; where it articulates with the 
clavicles after the Reptilian manner. In the Eutheria the clavicles 
only retain their complete development in those groups, such as the 
Insectivora, many Rodentia, the Chiroptera, and the Primates, 
which use the pectoral limb for flight, burrowing, or prehension. 
The humerus frequently has an entepicondylar foramen, like tlmt of 
the Anomodont Reptiles, The radius and ulna retain their original 
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pre- and postaxial position in the Cetacea ; but in most other Mam- 
mals they are crossed at their distal ends, so that their positions 
become reversed, and in the prone ” or normal position of the limb 
the radial, or preaxial border of the hand, becomes internal. In the 
Primates, however, these bones admit of motion upon one another ; 
and when Ihe hand is ** supine ” (that is, with its palm directed for- 
wards or upwards), the bones of the fore-afm occupy their original 
primitive position. In the majority* of those Mammals whose limbs 
are adapted solely for walking, the ulna H more or less reduced, and 
the radius, especially at its proximal end, is much enlarged, so that 
it articulates with the whole of the anterior surface of the humerus ; 
and thus comes in front of the ulna, instead of at its side. The 
carpus essentially corresponds with that of the type represented in 
fig. 829 (p. 907) ; the radiale,^ intermedium, and ulnare being termed 
the scaphoid, lunar, and cuneiform ; the trapezium, trapezoid, and 
magnum representing the ist, 2d, and 3d carpalia, and the unciform 
the 4th and 5th of that series. A centrale is present in the carpus 
of embryos of pentedactylate forms; but in the adult it usually 
fuses with the scaphoid, although it remains distinct in most of 
the Primates. In some groups others of these elements may 
also coalesce, and one or more may be absent. pisiform, or 

presumed representative of the seventh digit, m ge^^|ally well de- 
veloped ; while in pentadactylate types there may be an ossification 
representing the prepollex. The metacarpals and digits may be five 
in number (Proboscidea and Primates), or may be reduced to two, 
or even to one functional member. Among the Ungulata, when 
the metacarpus is reduced to a single functional element, as in the 
Horse, such element is frequently termed the cannon-bone ; in ana- 
tomy, however, this term is more usually restricted to the metapo- 
dium of those Artiodactyla which consists of the coalesced third 
and fourth metapodials. Except in the Cetacea there are never 
more than three phalangeals to each digit, but by suppression or 
anchylosis this number is occasionally reduced ; and the first digit 
(poUex) has but two phalangeals. The pelvic girdle is alM Jully 
developed in all Mammals except the Cetacea and Sirenia ; and in 
the adult the three elements coalesce to form an innominate bone. 
The pubis and ischium of the same side always unite to enclose the 
obturator foramen ; and the two pubes meet in a ventral symphysis, 
which is, however, not completely united in certain Insectivora. In 
a lai^e number of instances the ischia meet in a ventral symphysis, 

^ Since the preeilding chapters were in type, Dr Baur has expressed his opinion 
that the bone termed radiale in fig. 829 is really a second centrale ; and that the 
radi^ is represented by a minute bone generally known as the radial sesamoid. 
The Mammalian scaf>hoid is accordingly also regarded as a second centrale. In 
the same communication, Dr Baur expresses his disbelief in the existence of rem- 
nants of a prepollex and of a seventh digit in Mammals and other Vertebrates. 
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which is greatly elongated in some Ungulates (fig. 1128 bis\ but in 
the Primates and some other forms there is no such union. In the 
Monotremata and Marsupialia epipubic, or marsupial^ bones are 
attached to the anterior border of the pubic symphysis (fig. 1139). 
The femur may have a third trochanter (fig. 1226) for the attach- 
ment of one of the gluteal muscles. The tibia and fibifla are never 
crossed at their distal ^tremity, but lie in their primitive parallel 
position; the tibia, qt preaxiaj bone, being internal in the usual 
walking position, and the^jftbula external. The latter bone may be 
more or less rudimentary, and completely anchylosed at one cm: both 



extremities to the tibia. The patella is present in all except some 
Metatheria. If the pes (fig. 1129) be compared with the typical 
tarsus mentioned on p. 907, it will be found that the fibulare is 
represented by the calcaneum, which may also contain an element 
corroM^nding to the pisiform of the manus ; the astragalus has 
been Ssually regarded as the coalesced tibiale and intermedium, 
but is thought by Dr Baur to correspond solely to the latter; 
the ento-, meso-, and ectocuneiform represent the ist, 2d, and 3d 
tarsalia ; while the 4th and 5th tarsalia have coalesced to form the 
cuboids. The centrale persists as the navicular, which may unite 
with the cuboid.^ Other modifications occur analogous to those 
in the carpus ; but in no instance, as already observed, is the joint 
between the leg and the pes formed on the line between the proxi- 
mal and distal rows of the tarsus. The metatarsals and phalan- 

^ Dr Bardeleben has pointed out to the writer that in Cryptoprocta there may be 
a second centrale, which usually coalesces with the ectocuneiform. 
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ge^s repeat the characters of the homologous bones of the manus, 
although they deviate in a lesser degree from a common type. 
In the Cetacea and Sirenia the pes is entirely absent ; although the 
proximal portions of the pelvic limb may be detected in an aborted 
form in many genera. 

We may now take a brief glance at the general distribution in 
time of the Mammalia, in the course of which we shall have to fore- 
stall some of the information given in the sequel. 

If the theory of evolution be the true explanation of the order 
of nature we shoutd ^xpecf to find that the earliest representatives 
' of the class would be small forms, 



Fig. X T 19. — Dorsal aspect of the 
right pcs of Man. Reduced. Ca, 
Calcaneum (fibulare + ? pisiform); 
Asj Astragalus (intermedium); r, 
Navicular (centrale) ; Cu, 1-3, Ento-, 
meso'j and ectocuneiform (1st, 2d, 3d 
tarsalia) ; Ctti, Cuboid (4th, 5th tar- 
salia); i-v, Metatarsals. (After Wie- 
dershmm.) 


more or less closely related to one 
another, not numerous in generic types, 
and allied to those orders which now 
comprise the most generalised repre- 
sentatives of the class. Our knowledge 
of these earlier types is indeed exceed- 
ingly imperfect, but so far as it goes it 
appears to accord fairly well with the 
foregoing conditions ; all the earlier 
forms being of small size, and appar- 
ently more or less closely allied to the 
existing Marsupials, and probably also 
to the Monotremes and perhaps the 
Insectivores. The earliest evidence of 
the occurrence of Mammals yet known 
is in the upper portion of the Triassic 
system, which forms the base of the 
great Mesozoic period. Of the two 
known genera from these deposits the 


larger type, termed Dromatherium^ ex- 
some curious approximations in the structure of its teeth to 


Reptiles and Amphibians, and it is possible that we may have in 
this form an ancestral type of the Prototheria. In the Lower 
Jurassic, immediately above the Lias, remains of small Mammals 
become more common, and in the Upper Jurassic they are locally 
abundant, although they comprise comparatively few generic types. 
These Jurassic Mammals are readily divisible into two groups, distin- 
guished by the characters of their teeth. Of the first group an ex- 
ample of the lower jaw is shown in fig. 1141, p. 1274, where it will 
be seen that the teeth are very numerous, the hinder ones having 
several sharp cusps on the crowns. Although there has been much 
discussion as to the affinities of these small Mammals, it is probable 
that they are really Marsupials of the suborder Polyprotodontia, 
with a relationship to the Australian Anteater {Myrmecobius), which, 
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as we shall see in the sequel, is the only existing heterodont 
Mammal with more than four true molars. In the second group 
the dentition is of a very different type ; the lower jaw having a 
single pair of curved and chisel-like incisors, separated by an 
interval from the cheek-teeth, which are characterised by the 
presence of one or more longitudinal grooves. The serial position 
of this group, which has been named Multituberculata, is still 
open to doubt, but not improbably it may indicate an extinct order 
of Prototheria. ^ 

Throughout the greater part of the CJretacieous period our know- 
ledge of Mammalian life is a blank, doubtl^s owing to the circum- 
stance that the greater portion of the Cretaceous beds, such as the 
Chalk, is of purely marine origin ; but evidence has recently been 
obtained of the existence of a Mammalian fauna in the topmost 
Cretaceous of North America allied to that of the Jurassic. 

With the dawn of the Tertiary period, which may be regarded as 
the first commencement of the present order of nature, we meet, 
however, with an abundant Mammalian fauna, containing repre- 
sentatives of nearly all the existing orders, but also including several 
subordinal types now totally passed away, some of which are of 
extreme interest to the zoologist as connecting together more 
or less completely groups which are now widely separated. In 
the Eocene we are indebted to the palaeontologists of the New 
World for most of our knowledge of these primitive connecting 
links ; but we can only afford space to notice very briefly some of 
the more interesting groups. 

Of Carnivorous types there is a group of Eocene genera known 
as the Creodonta, remarkable, among other features, for their 
generalised dentition, which has resemblances to that of the Poly- 
protodont Marsupialia and Insectivora, and also to that of the 
modern Carnivora, of which these forms were probably the ances- 
tors. We thus have indications how the Carnivora of the present 
day may have been gradually evolved from a Marsupial type by 
means of forms more or less nearly related to the Insectivora of 
the present epoch. In another direction the Eocene has afforded 
evidence of a transition from the Insectivorous type towards that 
of the Lemuroid Primates, and we may thus readily conceive how 
the higher members of the latter order may likewise trace back 
their origin to the same primitive stock. 

At the present day no orders of Mammals appear more sharply 
defined from one another than the Carnivores and the Ungulates. ^ 
In the Eocene, however, we meet with a group of primitive Un- 
gulates, known as the Condylarthra, presenting such remarkable 
resemblances to the primitive Carnivores, that we are led to the 
conclusion that the Ungulates are probably another branch derived 
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from this same prolific stock. From this Condylarthrous suborder 
we have abundant evidence that the two existing suborders of the 
Artiodactyla and Perissodactyla, now so sharply distinguished, have 
both taken their origin ; and perhaps the Hyracoidea may also 
trace their derivation from this group. Another extinct Eocene 
suborder of Ungulates, comprising the Coryphodons of Europe and 
America, and the huge and uncouth Dinocerata of the United 
States, tends to show a connection between the Perissodactyla and 
Proboscidea, which till recently were referred to distinct orders. 

All living Ungulates, as we shall subsequently mention, are dis- 
tinguished by the total absence of clavicles, but in the remarkable 
lypotherium^ of the Pleistocene of South America, these bones were 
retained. In its dentition, moreover, that genus shows features 
now peculiar to the Rodents ; and by its help, together with the 
evidence afforded by an Eocene group known as the Tillodonts, 
we can dimly see how the Rodents may have been connected with 
the ancestors of both the Ungulates and the Carnivores. 

Having seen from these brief notices how intimate appears to 
have been the relationship between the chief terrestrial orders of 
Mammals in the Lower Eocene, we may glance at the evidence 
afforded by the Mammals of the Eocene as to the connection 
between some of the families of these orders. Among the Car- 
nivora, no two families are better distinguished than the Dogs, or 
CantdcB^ with their triangular upper molars and digitigrade feet, 
and the Bears, or Ursidce^ in which the upper molars are rhom- 
boidal and the feet are plantigrade. In the Eocene, however, we 
have Aniphicyon^ with the teeth of a Dog and the limbs of a Bear ; 
and in the later Tertiary the Bear-like Hymnarctus, of which the 
dentition retains many Dog-like features. So perfect, indeed, is 
the transition between Dogs and Bears, that it seems convenient to 
include both groups in a single family. Again, in another direction, 
the Dogs of the Eocene seem to pass imperceptibly into the Civets 
{Viverrida) through Cynodictis ; while it is almost impossible to 
distinguish the Civets from the Hyaenas on the one hand, ard the 
Cats {Felidce) on the other. Still more remarkable is the apparent 
connection in the Eocene of the Civets with the Weasels {Mus- 
ielida\ since these two families are widely sundered at the pres- 
ent day. 

Turning to the Ungulates, at the present day the Artiodactylate 
SuboHler can be readily divided into four sections — viz., the Pigs, 
fit Suina ; the Camels, or Tylopoda ; the Chevrotains, or Tragulina ; 
and the Cattle and Deerj or Pecora. When, however, we go back 
to the early Tertiary, we find a complete transition from the Suina 
to thp Pecora; while it is almost impossible to distinguish Deer 
from Chevrotains ; and the early Cmels exhibit signs of close 
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connection with the other families. Similarly, at the same period 
the Pigs of the Old World appear to be inseparable from the 
Peccaries of the New ; while the Giraffes were probably as closely 
connected with the Antelopes on the one hand, and the Deer on 
the other. Again, in the Perissodactylate suborder Tapirdike forms 
appear to have passed into Rhinoceroses on the one hand, and into 
the Horses on the other. 

Many other equally striking instances could be cited of the 
mutual connection of the Eocene Mammals with one another ; but 
enough has been stated to show that the present sharply defined 
distinction of the orders and families into which we find it con- 
venient to divide the class is, so to speak, but a feature of 
to-day. 

In the Lower Eocene all the genera of Mammals appear to be 
extinct ; but in the Upper division of the same period, which is 
frequently termed the Lower Oligocene, we meet with a few existing 
genera, such as Didelphys^ Rhinoceros^ Viverra^ Mustela (Weasel), 
and perhaps Canis, In the succeeding period, or Miocene, existing 
genera become more common ; thus in the Lower and Middle divi- 
sions of that period we meet with Otters (Zutra), Rhinoceros^ Tapirs 
{Tapirus\ and Gibbons {Hylobates), The middle division of the 
Miocene is, indeed, noteworthy for the appearance of Anthropoid 
Apes and the Proboscidea, or Elephants and Mastodons. Deer of 
extinct genera are abundant ; but these were either devoid of antlers, 
or, if these appendages were present, they were small and simple. 
The teeth of the Ruminant Ungulates (Deer and Cattle) were, 
moreover, low-crowned or brachydont (fig. 12 13), and the Rhino- 
ceroses had in most cases not yet developed horns. 

With the commencement of the Pliocene period the Mammalian 
fauna assumes a much more modern appearance. Thus we have 
Porcupines (Hystrix), Hyaenas, large Tiger-like Cats {Re/is\ numer- 
ous Antelopes, Giraffes, Deer {Cervus), and Horse-like animals 
{Hipparion) \ while in India true Elephants (E/ephas) had made 
their appearance. There was still, however, a large number of 
extinct genera. By this time many of the Deer had acquired 
complicated antlers ; many of the Ruminants had tall-crowned or 
hypsodont teeth ; the Rhinoceroses had horns ; and the Pigs had 
developed large tusks in the males. In India during some portion 
of the Pliocene, not only Elephants, but true Horses (Equus\ 
Hippopotami, Wolves, Bears {Ursus\ and Oxen {Bos) had a^eady 
made their appearance ; but in Europe these genera are unknown ^ 
before the top of the Pliocene, when we first meet with remains of 
a few existing species, such as the African Hippopotamus and the 
Striped Hyaena. 

In the succeeding Pleistocene period, which may in reality be 
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regarded merely as the commencement of the epoch in which we 
are now living, the greater number of the Mammals of Europe 
belong to existing genera, and a considerable proportion of these to 
living species. The fauna of Europe in the early part of this period 
included, however, a large number of Mammals belonging to genera 
or species now confined to the warmer regions of the globe, such 
as Rhinoceroses, Hippopotami, Elephants, Lions, Hygenas, &c. ; 
and it was not till after the great cold of the glacial period that 
these generic types were finally swept away from the European 
area. In many other parts of the World the Pleistocene period 
was equally prolific in large forms of Mammalian life, more or less 
closely allied to those now inhabiting the same areas, of which we 
have remarkable instances in the extinct Edentates of South America 
and the Marsupials of Australia, many of which vastly exceeded in 
size their living relatives. Science has, indeed, yet to account satis- 
factorily for the disappearance of this exuberant life, and the conse- 
quently impoverished fauna among which we now dwell. 

In regard to the Mammals of the Eocene, we have already re- 
marked that they are frequently of a more generalised type than 
those now existing, and in many groups a well-marked progressive 
specialisation can be traced as we approach the existing epoch. 
Thus many of the Eocene Mammals possess the full Eutherian 
complement of forty-four teeth, which in the Ungulates were more 
uniform in size, less conspicuously differentiated into groups, and 
more approximated to one another than in recent forms. In the 
older Ungulates, moreover, the crowns of the cheek-teeth were re- 
latively short ; and we can trace a gradual increase in the height of 
the crowns as we advance in time, this increase affording a greater 
capacity to withstand wear, and thus indicating a greater length of 
life in the individual. In other instances we may observe a gradual 
reduction in the lateral digits of the typical pentedactylate limb, 
accompanied by a progressive elongation and strengthening of one 
or more of the remaining digits. Again, it has been shown that 
there has been a gradual increase in the relative size and the com- 
plexity of the brain as we approach the present day. Thus the 
Eocene Mammals, as a rule, had very small brains, in which the 
hemispheres left the cerebellum nearly uncovered, and were them- 
selves nearly smooth, or but slightly convoluted ; while in the higher 
forms the hemispheres spread backwards over the cerebellum, and 
are marked by most complex convolutions. In some Eocene 
Ungtijates the brain was so small that it could pass through the 
neural canal of the lumbar vertebrae. 

Finally, it should be observed that we may trace a gradual evolu- 
tion of local faunas. In the Eocene of any given region we find 
the Mammals differing widely in generic types from those now in- 
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habiting that area, yet as we ascend in the geological scale we trace 
a gradual approximation to the existing fauna ; and in the Pleisto- 
cene we find the characteristic features of such fauna distinctly 
marked out, although many of the generic types, especially those 
including forms of large corporeal bulk, may be different. Ex- 
amples of these features are afforded by the Marsupials of the 
Pleistocene of Australia, and the numerous Edentates of the same 
period in South America ; although it is practically certain that in 
the former case the fauna has always been Marsupial, and therefore 
more or less closely related to the present one. That many of the 
existing Mammalian faunas now characteristic of particular regions 
were not thus circumscribed till a late period is, however, shown by 
the occurrence of Baboons, Hippopotami, Giraffes, and African 
types of Antelopes in the Pliocene and Pleistocene of India and 
parts of Europe ; and equally by the Mammals of the Pleistocene 
of India being in many cases specifically identical with those of 
Africa, while the number of common species is now very few indeed. 
Again, many forms like the Rhinoceroses and Horses, which are 
now exclusively Old World types, formerly wandered over the plains 
of America, and thus point to a more uniform distribution of types 
than now exists. There are, however, indications of certain groups 
of Mammals having always been restricted to one hemisphere. 
Thus we have no evidence of the existence of Apes, Hysenas, or 
Civets at any epoch in the New World ; and neither are there any 
traces of the Dinocerata or Titanotheriidce, in the Old World. 

It was considered probable some years ago that the Mammalia 
were directly descended from some primitive Amphibian types, and 
that they stood altogether apart from the Reptiles. The striking 
resemblance of the pectoral girdle of the oviparous Monotremes to 
that of many Reptiles, and more especially the Anomodonts, to- 
gether with the remarkable approximation to a low Mammalian 
type presented by the skeleton of the latter, renders it, however, 
more probable that Mammals are a divergent branch of the same 
Amphibian stock which gave origin to the last-mentioned group, 
if indeed they be not the direct descendants of the earlier forms 
of that group. Dr Baur, who considers that Mammals were de- 
veloped from true Reptiles allied to the primitive Rhynchocephalia 
and Sauropterygia, has proposed that these early hypothetical forms 
should be termed Sauromammalia. Professor Mivart has, indeed, 
suggested that Mammals may have had a dual origin ; and that 
while the Monotremes may have been derived at a comparatively 
late date from the Anomodonts or kindred types, the Marsupials 
may have originated at an earlier epoch from a totally distinct and 
perhaps Amphibian stock. Many objections have, however, been 
raised against this view ; and Mr Poulton expresses his opinion that 
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“ whether the Monotretnes are the descendants of the ancestral 
Mammalia or not, it is quite certain that the higher Mammals must 
at one time have passed through a condition such as now exists in 
the Monotremes, in nearly all parts of their organisation ; and many 
powerful arguments can be brought against the assumption that the 
same stage has been reached independently, and at widely separated 
periods, in the course of evolution/* ^ 

In the following chapters are given the leading palaeontological 
characters of each order of the class, with the range in time of the 
different groups, and the names of the more important genera. The 
number of genera is, however, so great that only a very brief and 
general sketch of their characters and affinities can be given ; special 
attention being drawn, where it may seem necessary, to those extinct 
types which are of more than ordinary interest from an evolutionary 
point of view. 

^ The opinion has been recently expressed by some Continental writers that the 
Cetacea are the most archaic type of Mammals, and that they have been directly 
derived from the Ichthyoptery^an Reptiles. There is, however, so much evi- 
dence against this view that it may be considered as practically disproved. 
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Orders Monotremata and Marsupialia. 

Subclass L Prototheria. — This subclass, now represented by 
only two genera, may be characterised as follows. The brain has 
a large anterior commissure, and a very small corpus callosum ; ^ 
while the auditory ossicles are simple, and the stapes is rod-like 
(columelliform). The coracoid is a distinct, although small, bone, 
anchylosing in the adult to the scapula, and articulating with the 
sternum ; while there is a separate precoracoid (epicoracoid), which 
does not articulate with the scapula, and also a large T-shaped inter- 
clavicle ; the form and relations of these bones being very like those 
of the corresponding parts of the skeleton in the Anomodont Rep- 
tiles. The pelvis has epipubic bones, and the ilia are inclined to 
the sacral axis after the Batrachian fashion ; thus resembling those 
of the Pariasaurian Anomodonts. The urinogenital and excretory 
organs open into a common outlet, or cloaca ; and the former are 
very similar to those of the Sauropsida ; the mammary glands are 
unprovided with nipples, and the reproduction is oviparous ; the 
eggs being meroblastic like those of Birds. 

It may here be observed that the small bone in the pectoral girdle of 
the Monotremes placed in advance of the coracoid, which is usually 
termed the epicoracoid, appears to correspond with the precoracoid of 
the Anomodont Reptiles ^ (fig. 978 bis, p. 1054), although it does not ex- 
tend upwards to articulate with the acromial process of the scapwla, as 
the Anomodont precoracoid articulates with the process of the sqipula 
identified by Sir R. Owen with the acromion.^ Further, the scapula of 
the Monotremes differs from that of all other Mammals, and resembles^ 


^ The structure connecting the two hemispheres of the brain. - •’ 

* This appears to be the view taken by Professor Cope. 

® This is the original view. In describing the scapula of Platypodosaurus, 
Sir R. Owen confused the process situated above a in fig. 978 bis tha|f 
marked a, and termed the former the acromion. * / 
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that of Reptiles in tlmt the acromion is situated on the anterior or pre- 
axial border, which in the higher Mammals has become twisted round 
to the dorsal surfeice to form the spine of the scapula. The scapula of 
some of the Anomodont Reptiles appears to indicate how this torsion of 
the preaxial axial to form a ridge on the dorsal surface has taken place. 

At the close of the preceding chapter reference has been made to 
the relationship of the Prototheria, or rather of its existing repre- 
sentatives the Monotremata, to Reptiles and Amphibia. The struc- 
ture of the pectoral ind pelvic girdles presents, indeed, so many 
striking resemblances to the same parts of the skeleton in the 
Labyrinthodont Amphibia and Anomodont Reptiles, as to indicate, 
as already mentioned, a distinct genetic connection between the 
three groups ; the characters of the humerus apparently indicating 



Fig. 1130.— A, Lateral view of skull of Echidna; b, Do. of Ornithorhynchus ; c, Oral view of 
mancible of do. ; d, Sternal region of do. e, Clavicle; f, Interclavicle ; /, Prestemum; ms. Meso* 
sternum ; r, Ribs ; sr. Sternal ribs ; fV, Intermediate ribs ; Comuies. Reduced, (d after 
Flower; the otheri after Giebel.) 


that the nearest relationship is with the Anomodonts. The de- 
ciduous teeth of Ornithorhynchus indicate, moreover, without any 
doubt that the ancestors of the Monotremes were provided with 
persistent teeth, which were probably monophyodont. More- 
over, a distant resemblance between these deciduous teeth and 
tbe cheek-teeth of the extinct group, mentioned below under the 
name of Multituberculata, suggests that these forms may themselves 
ibe Prototheria. If this should prove to be the case, it would then 
•be apparent that that branch of the subclass could not have been 
the ancestral stock of the Marsupials ; ’ and we shall accordingly 
.have to look for another group or order of Prototheria, with a 
dentition akin to that of the Polyprotodont Marsupials. It is, 
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indeed, quite within the bounds of probability that the family 
DromatheriidcB mentioned under the head of the latter group 
may prove to be Prototherians. And in any case it is quite 
evident that the two existing genera of Monotremes can in no 
way be looked upon as actual ancestral types. 

Order i. Monotremata. — As already mentioned, both the 
existing genera of Prototherians are included in this order, which 
may be provisionally characterised by the production of the cranium 
into a more or less elongated rostrum supporting a homy beak \ by 
the absence of teeth in the fully adult animal ; the smoothness of 
the brain-case ; and the absence of an auditory bulla. The humerus 
is greatly expanded, and has an entepicondylar foramen ; its whole 
contour approximating to the corresponding bone of the Anomodont 
Reptiles (fig. 982). 

Family Ornithorhynchid^. — In this family the cerebral hemi- 
spheres are smooth ; the extremity of the muzzle is produced into a 



FJg. 1131.— Omiikorhynchns paradoxus, Australia. Reduced. 


broad beak-like expansion (fig. 1131); teeth are present in the 
young, and are succeeded by horny plates or cornules (fig. 1 1 30, b, 
c) ; and the skin is covered with hair. The feet are webbed. This 
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family is represented solely by the genus Omitkorhynchus (fig. 1 131), 
of which a single species inhabits the Australian rivers, in the banks 
of which its burrows are constructed. According to the observa- 
tions of Mr O. Thomas, it appears that there are usually two teeth 
on either side of the upper and three in the lower jaw, which persist 
till the animal is somewhat more than one-third grown. These teeth 
have at first small but distinct roots, and present a distant resem- 
blance to the true molars of some of the Multituberculata, like 
Microlestes ; one of their longitudinal walls, or ridges, carrying a 
number of minute cusps. It appears that the comules grow up be- 
neath and around these teeth, which are gradually worn away, and 
finally shed like the milk-molars of other Mammals ; the hollows in 
the comules being the remnants of the original alveoli. 

Family Echidnid^e. — The second family is characterised by the 
convoluted cerebral hemispheres ; the production of the muzzle into 
a long tube-like beak (fig. 1130, a); the slenderness of the man- 
dible ; the total absence of teeth ; and the presence of stout spines 
mingled with the fur. Further, the feet are very strong, and adapted 
for digging, and the centre of the acetabulum is imperfectly ossified. 
There are two living species found in Australia and New Guinea, 
both of which, at least for palaeontological purposes, may be included 
in the genus Echidna^ although the large E, of New Guinea, 

is frequently separated under the name of Froechidna, Remains 
of a large species considerably exceeding the latter in size have been 
obtained from the Pleistocene of New South Wales. 

Group Multituberculata. — In this place it will be convenient 
to notice a group of very imperfectly known Mesozoic and early 
Tertiary Mammals which were formerly regarded as Diprotodont 
Marsupials allied to Thylacoleo^ but which differ in several respects 
from that group, and may perhaps eventually prove to be members 
of the subclass Prototheria. Although these peculiar forms re- 
semble the Diprotodonts in having a single pair of lower incisors 
like those of Rodents, while many of them also approximate to 
certain members of the same group in having a secant and grooved 
fourth premolar ; yet they differ in that it is the second in place of 
the first upper incisor which becomes enlarged and opposed to 
the inckor of the lower jaw ; while when the fourth lower premolar 
is secant the summit of its crown is extremely convex instead of 
more or less concave. The true molars, as already mentioned, 
appear to approximate in general structure to the deciduous cheek- 
teeth of Omitkorhynchus^ and are quite unlike those of any recent 
Marsupials. Till, however, the structure of the pectoral girdle be 
knom the serial position of these forms cannot be definitely deter- 
mined. And it may be observed, that the humerus of the limb 
which may be referable to Tritylodon is unlike that of the Mono- 
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tremata, so that if these forms be Prototheria they probably indi- 
cate a distinct specialised order of that subclass. 

In addition to the features mentioned above, this group is charac- 
terised by the true molars (fig. 1136) carrying longitudinal rows of 
tubercles, separated by one or more grooves, and also by the ab- 
sence of a pit or perforation in the masseteric form of the mandible. 

Family Plagiaulacid^e. — In the Plagiaulacida the premolars, 
which vary in number from one to four in the mandible (figs. 1 132- 



Fig. 1132. — A, Outer view of the right ramus of the mandible of Plaf^aulax minor; four 
times natural size, b. Fourth lower premolar of P. Becklesi; hve and a half times natural size. 
From the Purbeck of Dorsetshire (After Owen.) 


1138), are always of a secant nature, and are usually marked by a 
series of oblique lateral grooves (fig. 1132); while the true molars 
are small and reduced to two in number. In the type genus Pla- 
giaulax of the Purbeck (Upper Jurassic) of Dorsetshire, there may 
be either four (fig. 1132), or three lower premolars ; Professor Cope 


regarding the latter va- 
riation as indicating a 
distinct genus, for which 
he has proposed the 
name Plioprion. The 
upper teeth are unknown. 
Ctenacodon (fig. 1133), 
from the Upper Jurassic 
of North America, is a 
closely allied but per- 
haps less specialised type, 
with four lower premo- 
lars, which are much 



Fig. ry3. — Outer aspect of the right ramus of the man* 
dible of CtenacodoM serratus; from the Upper Jurassic of 
North America. Upper fi^re, natural size ; lower, four 
times natural size. «, Incisor; S, Condyle; c, Coronoid 
process. (After Marsh.) 


worn in the figured speci- 
men. In the upper jaw the anterior premolars are like those of 
Bolodon, The figure shows the relatively low position of the con- 
dyle of the mandible in this family ; — a feature shared with the 
Pleistocene ThylacoleOy among the Marsupials. From the Lowest 
Eocene, both of France and North America, we have the more 
specialised genus Neoplagiaulax (fig. 1134), in which only the fourth 
premolar remains in the mandible. The Puerco Eocene of North 
America has also yielded PHlodus (fig. 1135), characterised by the 
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presence of a minute third lower premolar. JJotomus of the French 
Eocene differs from all the others by its smooth fourth premolar. 
Mems£^ssus,hom the uppermost or Laramie Cretaceous of the United 



Fig. ii34.~Inner view of the left ramus of the mandible of NeoMagiaulax eoccenus ; from the 
Lower Ekicene of Rheims. The line indicates the true size. (After L.emoine.) 


States, is a somewhat larger form which may probably be included in 
this family. It was first made known by an upper true molar, but 
secant premolars from the same deposits subsequently described 

under the name of ITalodon^ together 
with other teeth figured under the names 
of Triprtodon, Diprodiotiy and Selenac- 
odon.^ are probably all referable to Men- 
iscbessus. Another form from the Lara- 
mie Cretaceous which may be provision- 




ally known as Cimoliomys^ appears to be 
closely allied to the Eocene Ftilodus, but 
may have affinity with Plagiaulax ; the 
teeth described as Cimolodon and Nano- 
mys^ as well as one of those referred to 



Fiff. 1x35. — ITie left ramus of the 
mandible of PtiUdui mediavus; 
from «he outer («), inner and 
oral (c) aspects: from the Puerco 
Eocene of New Mexico. (After 
Cope.) 


Halodon appear inseparable from this 
form. Other generic names have been 
applied to teeth of a more or less Ciosely 
allied type from the same deposits. 

Certain bones from the Laramie de- 
scribed as Camptomus probably belong 
to this group, and are noteworthy as 
showing a distinct coracoid and inter- 


clavicle ; thus, if rightly referred and determined, clearly indicating 
the Prototherian affinities of the Multituberculata. 


From the Tertiaries of Patagonia Dr Ameghino has described 
cemin remains under the generic names of Abderites, Aedestis^ and 
Falesoiheutes^ which are referred to this family, and are apparently 
nearly related to the European genera. The genus Micrabiotkerium 
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has also been described from the same deposits, and is regarded as 
indicating a distinct family. 

Family Polymastodontid^. — The type genus Folyniastodon 
occurs in the Lowest Eocene of North America, and has one pre- 
molar and two true molars. The premolar is tubercular, and the 
upper true molars have three longitudinal ridges, and are elongated 
antero-posteriorly. * 

Family TRiXYLODONXiDiE. — ^The genus Tritylodon was first de- 
scribed from a nearly entire cranium found in the Karoo system of 
South Africa, in a horizon which is probably of Lower Mesozoic 
age ; but a tooth (fig. 1136) previously 
obtained from the Upper Trias of 
Germany, and described under the 
preoccupied name of Triglyphus^ 
proves to belong to the same genus. 

The upper dental formula is /. 2, C, o. 

Pm, 2, M. 4. The innermost upper 
incisor is large and scalpriform, while 
the outer one is very minute. The 
upper true molars (fig. 1136) carry 
three longitudinal ridges, and have the 
longer diameter of the crown directed 
transversely. The anterior portion of 
the cranium is remarkable for its great 
w'idth and bluntness. The African 
species indicates an animal about the 
size of a Rabbit. From the same de- 
posits at the Cape has been obtained 
a slab showing the impression of a 
pectoral limb apparently referable to a 
small Mammal, which has been described under the name of Ther- 
iodesmus. If, as is probably the case, this specimen be really 
Mammalian, there is, however, no reason why it should not belong to 
Tritylodon, According to Professor Bardeleben this limb has two 
centralia in the carpus (as in some Insectivora), and a distinct pre- 
hallux ; the alleged fusion of the scaphoid with the lunar being in- 
correct. To the present family may likewise be referred the very 
imperfectly known Stereognathus, of the Lower Jurassic of Stones- 
field ; the upper cheek-teeth of which closely resemble those of Trf- 
tylodon. Finally, Chirox^ from the Upper Jurassic of North America, 
shows certain characters connecting the present with the next family, 
in which it is provisionally placed by Professor Osborn. 

Family BoLODONXiDi®. — Nearly allied to the preceding family, 
but with the upper true molars antero-posteriorly instead of trans- 
versely elongated, and with only two longitudinal ridges, is the 



Fig. 1136.— An upper true molar of 
Tritylodon Fraasi ; from the Upper 
Xrias of Strasbourg. Xhe two central 
figures are of the natural size ; the 
others enlarged three times, o, Crown 
surface ; Basal surface ; v, A, The 
two lateral surfaces ; /, a, Anterior and 
posterior surfaces. The position of o 
IS at right angles to that of the molars 
in the next figure. 
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^mv^Bolodon^ of the Dorsetshire Purbeck. In this genus (hg. 
)|i37fWj«sre were apparently three upper premolars and four true 
molarsij %ith probably three incisors, of which the first is very 
minuM Altbjg^h of much smaller size, the cranium of the type 
speciis presently C striking resemblance to that of the African Trityl- 


Fig. 1137. — The right maxilla of Bolodon crassidens ; from the Dor<ietshire Purbeck. 
Maxilla ; Pmx^ Premaxilla , yf, Foramen ; True molars ; pm^ Premolars ; z, Incisors. Greatly 

enlarged. (After Osborn.) 

bdon, Allodon^ from the Upper Jurassic of North America, is a 
Ifery closely allied, if not identical form, in which there were cer- 
tainly three upper incisors, of which the second (fig. 1137) is en- 
largSd, and apparently corresponds to the large inner incisor of 
Tritytadon, The genus Microkstes^ from the Upper Trias of Wur- 
temberg and England, is only known by de- 
tached molars (fig. 1138) closely resembling 
the true molars of Plagiaulax. This genus 
is referred by Professor Osborn to the Pla- 
giaulacidce ; but till it is proved to have 
trenchant premolars it seems preferable to 
place it provisionally in the present family. 
Figure a in the accompanying woodcut gives 
a side view of the type tooth, which has two 
rows of tubercles separated by a longitudinal 
groove ; the imperfect crown of another tooth 
shown in by and provisionally referred to the same genus, is remark- 
able for the resemblance presented by its two remaining tubercles 
to those of the teeth of Ornithorhynckus, The name Hypsiptym- 
nopiis has been applied to a tooth of MicrokskSy from the English 
Rhaetic. 

Subclass II. Metatheria. — The members of this subclass agree 
with the Prototheria in the structure of the brain and the presence 



Fig. 1138.— Lateral view 
of a tooth of Microlesies 
OHtiptus; Part of the crown 
of a tooth on a still more en- 
larged flaale ; from the Upper 
Tnas* of WOrtembenf. (After 
Lyell and Falconer.) 
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of epipubic bones ^ (fig. 1139, m\ but differ in the more specialised 
characters of the auditory ossicles ; in the reduction of the c€|itcoij|[ 
to a mere process of the scapula, and its 
non-articulation with the sternum ; in the 
absence of an interclavicle ; and in the pres- 
ence of nipples to the mammary glands. 

In the latter characters they agreJ^ith the 
Eutheria, from which they are distinguished 
by the presence of an imperfect cloaca, 
and by the characters of the urinogenital 
organs, which are in some respects inter- 
mediate between those of the feutheria 
and Prototheria. The jfeung, although 
produced viviparously, are born in an ex- 
ceedingly imperfect condition, and are 
never nourished in utero by an allantoic 
placenta ; but at an early period are trans- 
ferred to the nipples of the mother, to 
which they adhere for a long time. The 
nipples themselves are nearly always con- 
cealed in a fold of skin forming the so- 
called marsupium. 

Teeth are invariably present, and are 
divisible into the usual four groups. With the exception of the 
Fhascolomyidce^ the number of incisors in the upper jaw of all ^e^st- 
ing forms exceeds that in the mandible. ^ The true molars are^^ery 
generally four in number on either side of each jaw ; and in all 
existing forms the number of premolars does not exceed three, 
although four (which may be taken as the typical number) are 
found in several Mesozoic genera. The most remarkable feature 
about the dentition is, however, that it is only the last premolar (the 
fourth of the typical series) among the whole number of teeth that 
ever has a milk predecessor ; such predecessor generally resembling 
the true molars in structure. Some genera, like Fhascolomys, show, 
however, no signs of even this single replacement ; and it is pretty 
clear that we have here the first commencement of a replacing series 
of teeth, which in the early Eutheria must have gradually extended 
anteriorly, until it normally embraced all the teeth in advance of 
Fm, 4, with the very general exception of Fm, i, although in certain 
Perissodactyla even that tooth had a milk predecessor. 

Another very characteristic, although not universal, feature in this 
subclass is the inflection of the angle of the mandible (fig. 1152) ; ' 

^ Unossified in Tkylacinus, 

^ The same feature occurs among the Anomodont Reptiles in the Galesauridii. 
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Fig. 1139. — Ventral view of the 
sym^ysis and left half of the 
pelvis of a Kangaroo, we, Epi- 
pubic bones. Reduced. 
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and in many genera the palatal region of the cranium contains 
unossilied vacuities of considerable size. 

Order IL Marsupialia. — The whole of the known Metatheria 
are included in the single order Marsupialia, and it is not at present 
necessary to give ordinal characters as distinct from those of the 
subclass. At the present day this order is restricted to America 
and the Australian region ; the greater number of forms occurring 
in the latter area, while only the Didelphyida are found in the former. 
In earlier epochs, however, this order was much more widely dis- 
tributed, and it apparently contains some of the earliest known 
representatives of the entire class. 

Marsupials form in some respects the intermediate stage between 
the Prototheria and Eutheria, and it is probable that there will be 
eventually found a complete transition from the Polyprotodont sub- 
order of this group to unknown Prototherian Mammals with the 
same general type of dentition — possibly more or less closely allied 
to the undermentioned Triassic family Dromatheriida. 

Suborder i. Polyprotodontia. — In existing Polyprotodont 
Marsupials, which occur both in America and the Australian region, 
there are never fewer than three lower and four upper incisors, and 
there may be five upper and four lower teeth of this series. These 
teeth are small and subequal, and are followed by a larger canine 
(fig. 1148). Normally there are three premolars, corresponding to 
the first, third, and fourth of the typical series, but the fourth may 
be absent, Dasyurus and Sarcophilus (fig. 1148). The number of 
true molars is generally four, but in Myrmecobius these teeth are 


increased to 


and their crowns are nearly always characterised by 


carrying a number of small, sharply pointed cusps. In na sgecies 
is there a fourth premolar of the elongated secant form characteristic 
of many Diprotodonts. Several of the Mesozoic forms included in this 
group agree very closely with the recent ones, but many of them have 
four premolars, and in some there are as many as seven true molars. 

Family DROMATHERiiDiE. — This family, typically represented by 
the genus Dromatherium (fig. 1140), of the reputed Trias of North 

America, is provisionally placed 
here, since it may be related to 
some of the members of the next 
family, although Professor Osborn 
makes it the type of a distinct 
order — the Protodonta — and 
even suggests that it may be 
Reptilian. If not Marsupials, 
these early Mammals may prove to be representatives of a group of 
Prototheria from which the Polyprotodont Marsupials have origin- 



Fig. 1140.— Inner view of the -left ramus of 
the j xnemdtble of Dromatherium sytvesire : 

the Trias of North Carolina. (After 
Emmons.) 

>f 
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ated. The cheek-teeth differ from those of all other Marsupials in 
having the fangs imperfectly divided, and thus approximate to those 
of certain Anomodont Reptiles. There are seven true molars, the in- 
cisors are spaced, there is long diastema behind the canine, and the 
three premolars are of a very simple structure. The crowns of the 
true molars consist of one main cusp, with small accessory cusps ; 
and it would appear that the teeth of the upper and lower jaws 
mutually interlocked. This type of tooth is regarded by Professor 
Osborn as the most archaic yet known. Microconodon^ which 
occurs in the same deposits as Dromatherium^ is an allied but 
smaller form. 

Family Amphitheriid/E. — This Mesozoic family is provisionally 
taken to include a number of small and imperfectly known forms, 
some of which are regarded by almost all writers as undoubtedly 
Marsupials, although others have been referred by Professor Osborn, 
with some hesitation, to the Insectivora, under the name of Insec- 
tivora Primitiva; those which are retained by that writer in the 
present order being termed Prodidelphia. Although it is quite 
probable that with fuller information the two sections into which 
this family is divided may be raised to the. rank of separate families, 
yet the evidence brought forward by the writer mentioned above in 
favour of referring some of the genera to the Insectivora appears to 
be insufficient ; no members of that order having more than three 
lower incisors or more than the normal three molars of the other 
Placental Mammals.^ Considerable confusion has arisen in regard 
to the dentition of many of the members included in this family 
owing to the circumstance that in the mandible only one side of 
the teeth is generally seen, so that several genera have been made 
upon the evidence of remains of a few closely allied species. The 
clearing up of this confusion is mainly due to the careful observa- 
tions of Professor Osborn. In this family all the genera are char- 
acterised by a channel on the inner side of the mandibular rami 
known as the Mylohyoid groove (fig. 1147 ) — ^ feature occurring in 
many recent Polyprotodonts. The number of lower incisors was 
probably always four (as in the modern Didelphyid(B\ and the 
lower true molars are frequently in excess of that number, as in 
MyrmecoMus alone among existing heterodont Mammals. These 
true molars may either consist of three or more cusps arranged in a 
single line, or they may be differentiated into a tritubercular blade 
followed by a posterior heel or talon. The premolars are very 
generally four in number, but they may be reduced to three, or ^ 
perhaps two. Not unfrequently, as in the existing Peramelid(Z^ the 
root of the canine may be grooved. 

^ Judging from his latest memoir on the subject, it is probable that Professor 
Osborn would now considerably modify his views as to these divisions. 
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As a jMTovisional measure this family may be divided into two 
groups or subfamilies, of which the first may be eventually raised to 
the rank of a distinct family. The first subfamily, or Phascolo- 
theriina^ is referred by Professor Osborn to his Prodidelphia, and 
is included in the Triconodontid(B (in/ra). The lower true molars 
consist typically of three main cusps arranged in a line, together 



Fig. 1141.— Inner view of the right ramus of the mandible of Pkascolotherium Bucklandi; 
from the Stonesfield Slate. Twice natural size. The outline figure is natural size. There 
should be a fourth incisor. (After Owen.) 


with some accessory cusps ; and it would appear that the upper 
molars were of similar structure. The lower incisors are separated 
from one another by intervals. The typical genus Pkascolotherium 
(fig. 1141), from the Lower Jurassic slate of Stonesfield, in Oxford- 
shire, has the condyle of the mandible placed very low down ; 
the lower dental formula is /. 4, C. i, Pm, + M, 7, the canine is 
separated by a diastema from the first premolar, and the true jpolars 
have a well-marked cingulum on the inner side. Amphilestes (fig. 



Fig. 114a.— Reversed inner view of the left ramus of the mandible of Amphilestes Broderipi; 
from the Stonesfield Slate- Twice natural size. The restoration of the anterior teeth is con- 
jectural; and the condyle is placed too high. (After Owen.) 


1142), from the same deposits, has a more numerous series of 
cheekteeth, and a higher mandibular condyle. The exact dental 
* fonm^ is not known, although it may have been the same as in 
the undermentioned Amblotherium. The mandible from the same 
beds shown in fig. 1143 been made the type of the genus 
Amphitylus; and according to Professor Osborn has teeth of the 
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same general type as those of the preceding genera. If this be 
so, it would appear to countenance the view that the present group 
should be separated from the Amphitheriidce^ but owing to the 
damaged condition of the speci- 
men great caution is necessary 
in speaking positively as to the 
nature of the teeth. 

In the second subfamily, or 
Amphitheriina^ the lower true 
molars are differentiated into a ^ Fig. r 143.- Outer aspect of the right ramuj. of 

. , , -111 1 mandible of Antpkitylus Owm; from the 

tntubercular anterior blade and Stoncsfield Slate. Enlarged. (After Owen.) 

a posterior heel or talon. Four 

premolars are present in all those genera of which the entire lower 
dentition is known ; and the mandibular condyle is high. The 
upper molars are unlike the lower. Many of these genera are 
referred by Professor Osborn to his Insectivora Primitiva. 

Before proceeding further some explanation is necessary as to 
the structure of this type of lower molar. Following the nomen- 



Fig. 1144. — Outer aspect of the left ramus of the mandible of DryoUstes vorax; from the 
Upper furassic of Nortn America Three times natural size a, Canine , c, Coronoid process ; 
Angle. The incisors and first premolar arc absent. (After Marsh.) 

claturt adopted by Professor Flower the three cusps in the anterior 
half cf such a “ tritubercular” tooth may be collectively spoken of 
as the blade (fig. 1145, a, b, c); while the hinder part (d) may be 
termed the talon. In the blade the cusp a is termed the anterior, 




Fig. 1145. — Upper, outer, and inner views of a left lower true molar of Dasyurus. <x, Anterior 
cusp of blade i^raconid); Posterior cusp of do, {protoconid); Ct Inner cusp of do. {meta- 
conid); rf, Talon {hypoconid). 


the large one b the posterior, and the small one c, which is the 
innermost, the inner cusp. According to Professor Osborn these 
three cusps correspond to the three cusps of Priacodon (fig. ii 47 )> 
and in both cases he applies to them the names of para-^ proto-^ 
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and metaconid; calling the talon of the present type the hypoconid. 
Corresponding terms ending in cone are applied to the upper molars 
of the same types. 

It will be obvious that when a jaw is embedded in matrix with 
the inner surface exposed we shall only see the cusps a and c and 
the talon d ; while when the outer surface is visible only the large 
cusp h will be observed. An example of the latter occurrence is 
shown in fig. 1146; and this circumstance has been the fruitful 
source of error in regard to a number of the Mesozoic types under 
consideration. 

In the t5rpe genus Amphitherium of the Stonesfield Slate, or 
Lower Jurassic, the exact dental formula is unknown, but it may 
perhaps have been the same as in the next genus. ^ In Amhlo- 
therium ( = Peraspalox^ Fhascolestes) of the Purbeck, or Upper 
Jurassic, of Dorsetshire, the lower dental formula is /. 4, C. i, 



Fig. 1146. — Outer view of the left ramus of the mandible of Amblotkerium ^actU ; from the 
Uj^r Turasstc of North America. Three times natural sire, a, Canine ; c, Coronoid process ; 

Condyle ; d. Mandible. (After Marsh.) ^ 

' * .4 

Pm, 4, M, (7-8), or the same ^as in the American Jurassic Dryo- 
iestes (fig. 1144). Several species are known, in some of which 
there were seven, and in others eight lower molars. The genus 
Stylodon has been founded upon the outer side of mandibles of 
Amblotherium,^ in which only the large posterior cusp (protoconid) 
of the blade of the molars is visible, as in the lower jaw shown in 
the accompanying woodcut, which has been made the type of the 
genus Styiacodon, of the Upper Jurassic of North America. The 
latter has eight lower molars, while the English form has only 
seven. Achyrodon^ of the English Purbeck, is closely allied to 
Amblotherium^ but differs in the form of the cusps of the molars. 
Peramus (Leptocladus) is a third Purbeck genus, with relatively 
stouter lower molars, in which Professor Osborn gives the lower 
dental formula as /. 3, C. r, Pm, 6, M, 3. The North American 
cDryoktsies has relatively shorter lower molars (fig. 1144), the wood- 
cut clearly showing the three cusps of the blade and the talon of 
these' teeth, AstAenodon and Laodon are other North American 

^ Professor Osborn regards it as /, ?, C. i, Pm, 5, M, 6, 
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forms characterised by the small size of the talon of the lower 
molars; while the names Dicracynodon {Diplocynodon\ Docodon^ 
and Enneodon'^ have been applied to more or less closely allied 
forms from the same deposits. Finally, Professor Osborn has 
given the name Kurtodon to certain upper jaws from the English 
Purbeck, which are probably referable to one or other of the above- 
mentioned genera. From the Laramie Cretaceous of North America 
Professor Marsh has described the remains of allied types. One of 
these has been termed Didelphops {Didelophodon or Cimokstes\ while 
one tooth has been referred to the Jurassic genus Dryolestes^ and 
another has been made the type of the genus Pediomys, The re- 
semblance in the structure of the lower molars of the Amphitheriin^ 
to that of the corresponding teeth of Dasyurus and the Didelphyida^ 
suggests that the latter have originated from an allied stock. 

Family SPALACOTHERiiDi®. — The genus Spalacotherium^ with 
which Peralestes is identical, has a dentition which may probably 

be expressed by the formula I, j, C Pm. M. The 

true molars consist of a single column carrying three cusps, and 
thus corresponding to the blade of the tooth of the Amphitheriince. 
The reduction in the number of the lower incisors distinguishes 
this family from the last; but it is difficult to say whether the 
absence of the talon in the lower true molars is or is not a more 
specialised feature. The molars, which are of the typical trituber- 
cular type, approximate very closely in their plan of structure to 
those of tile genus Chrysochloris among the Insectivora, but this 
cannot be taken as indicative that the present genus should be 
referred to that order, since a precisely analogous resemblance ex- 
ists between the molars of Tupaia in the Insectivora and Perameles 
in the Marsupials. Menacodon^ from the Upper Jurassic of North 
America, is an allied genus. 

Family TRicoNODONXiDyE. — The last family of Mesozoic Mam- 
mals we have to consider is represented by the English Purbeck 
genus Triconodon {Triacanthodon\ and the allied or identical 
Priacodon (fig. 1147) of the Upper Jurassic of North America. 
Professor Osborn includes in this family the PhascolotheriincB 
already mentioned; but the reduction in the number of the in- 
cisors and the general facies of the teeth seems to indicate con- 
siderable difference — although the two groups are probably more 
or less nearly related. The mandibular condyle is placed still 
lower than in Phascolotherium, and apparently, indeed, than in^ 
any other known Mammal. The upper cheek-teeth resemble the 
lower. The dental formula in the mandible is / 3, (T. i, Pm. 4, 
M, (3-4). The incisors were approximated, the cheek-teeth have 
^ Preoccupied, see page 1015. 
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an inner cingulum, and the molars consist of three subequal cones 
or cusps of a trenchant form, arranged longitudinally. There were 
apparently either three or four molars in different individuals of a 
single species. The fourth premolar was preceded by a milk-tooth 
resembling the true molars. It was considered by Sir R. Owen 
that the lower true molars of this genus corresponded to those of 
the existing Tkylacinus^ in which there is a bilobed blade and a 
talon. According, however, to Professor Osborn, this interpretation 
is incorrect ; and that observer considers that the three cusps of the 



Fig. 1147.— Inner view of the left ramus of the mandible of PriacoHonferox ; from the Upper 
Furassic of North America. Three tim^ natural size, c, Coronoid ; Mylohyoid groove; f, 
Jymphysis, The antenor teeth are wanting. (After Marsh.) 


Triconodont type represent the three main cusps of the tooth of 
Phascolotherium (fig. 1141), and also correspond to the three lobes 
of the blade of the tri tubercular molar of the Amphitherium type 
(fig. 1145), and he accordingly terms these three cusps the para-^ 
proio-i and metaconidy and considers that the talon Qiypoconid) is 
unrepresented. 

Family Dasyurid^e. — ^With this family we come to the considera- 
tion of the existing Marsupials. The Dasyurida is an exclusively 
Australian family, comprising the largest known members of the 
suborder, and is divided into the subfamilies Dasyurina and 

4 I 

Myrtnecobiinai, These are always /. C. - ; but the numbe.* of 

cheek-teeth varies, although thefe are never more than three pre- 
molars, In the pes the hallux is usually either rudimental or 
absent, but the other four digits are well developed and subequal. In 

the DasyurifUB the number of cheek-teeth does not exceed the 

upper true molars have triangular crowns, and those of the lower 
molars are differentiated into an anterior blade and a posterior talon 
(fig. 1145), lower carnassial tooth of many of the placental 

Camitora of the present day. The mylohyoid groove may be 
present both in this and the next subfamily. The Tasmanian 
Wolf is the sole living representative of the genus Thylacinus^ in 
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which the cheek-teeth number Pnu M, and the humerus has 

3 4 

a foramen; but in the Pleistocene of Australia there occurs the 
considerably larger T spelceus, Sarcophilus^ of which the dentition 
is shown in fig. 1148, is also confined at the present day to Tas- 



Fig. 1148.— Left lateral view of the dentition of Sarcophilus urstnus. Recent, Tasmania. /, 
Incisors ; c, Canine ; pm^ Premolars ; Molars. iLe tooth marked pm 2 is really pm 3. 

mania, but a larger species inhabited the mainland of Australia in 
the Pleistocene. Indications of specialisation are shown by the 
reduction of the premolars to two, and also by the loss of the fora- 
men in the humerus. The most generalised genus of the subfamily 
is Dasyurus^ comprising several species of smaller size than the pre- 
ceding. In the lower molars (fig. 1145) the blade has three cusps 
arranged in a triangle, and thus differs from those of Thylaeinus, in 



Fig. jasuatus^ Australia. Reduced. 


which the inner cusp is wanting. There is a mylohyoid groove in'* 
the mandible, and the humerus has a foramen. Species of Dasyurus 
at the present day range over the whole of the Australian continent, 
one of them dating from the Pleistocene. The subfamily Myrmeco- 
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biitue is represented solely by the genus Myrmecobius, In this re- 
markable animal (hg. 1149) the lower incisors are separated from 

g 

one another, the cheek-teeth number of which the first three in 

9 

either jaw are premolars ; while the molars have quadrangular multi- 
cuspidate crowns, and are not well differentiated from the premolars. 
Although some writers doubt the connection, it is probable that 
Myrmecobius is the direct descendant of forms closely allied to 
Ampkilestes^ of the Lower Jurassic of England ; the relations of the 
two being perhaps somewhat similar to that existing between the 
living Sphenodon of New Zealand, and the more specialised Hyper- 


odapedon of the English Trias. 

Family PERAMELiDiE. — In this family, comprising the Bandicoots 
of Australia and New Guinea, the dental formula is /. C. 


Pm. M. and the 'pes has two of the digits reduced and con- 
3 4 

nected by integument, as in the Macropodida among the Diproto- 
donts. Occasionally the canines have grooved or double roots. 
Remains of existing species of Perameles and Peragale occur in the 
Pleistocene of New South Wales. 

Family DiDELPHYiOiE, — ^In all the members of this family the 

dental formula is / 5 C i Pm. M. The incisors are very 

4134 

small and sharp; the canines are large ; the premolars compressed ; 
and the true molars constructed on the general plan of those of 



Fig. 115a— Left lateral vievr of the dentition of Didelphys Azarai South America. /, In- 
cisors; Canine ; pm^ Premolars ; w, True molars. The teeth marled pm 3 should be pm 4 ; 
the teeth between these and/M 1 being /«w a. 


Hasyurus; the lower ones having a blade and talon, with a distinct 
inner cusp to the former. Each foot is furnished with five com- 
' plete digits ; and the humerus has an entepicondylar foramen. At 
the iR'esent day the Opossums, as the members of this family are 
commonly called, are confined to the New World, where they are 
represented by the genera Didelphys (fig. 1150) and Ckironecies ; 
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the latter being known only by a single species. Remains of exist- 
ing species of both genera occur very commonly in the Pleistocene 
breccias of the Brazilian caves ; and to the type genus may also be 
referred a large number of species from the Lower Miocene and 
Upper Eocene of Europe, which by some writers are referred to 
distinct genera under the names of Peratherium and Amphipera- 
tkerium, Spalacodotiy of the Eocene of Hordwell, is probably a 
Didelphys, It was in Didelphys Cuvieri, of the Paris gypsum, that 



Fig. H51 . — Didelphys (^) fugax; from the White-river Miocene of Colorado. Twice natural 
size, a, 3, Inferior and lateral views of skull; c, Superior and lateral views of right man- 
dibular ramus. (After Cope.) 


Cuvier demonstrated the existence of marsupial bones by a careful 
clearing of the matrix. Other extinct forms from the Miocene of 
North America (fig. 1151) may in all probability be referred to the 
same genus. 

Suborder 2. Diprotodontia. — If we exclude the Multituber- 
culata, which have been already mentioned, this suborder will be 
confined to the Australian region, where it has been known since 
the Pleistocene ; and with this limitation it may probably be re- 
garded as an offset from the more generalised Polyprotodontia, In 
all cases there is only a single pair of lower incisors, but in the upper 
jaws there are usually three pairs of such teeth, although they are 
reduced to one in the Wombats. 

The lower incisors, and the first, 
or innermost, pair of upper in- 
cisors are always of large size and 
adapted for cutting. The canines 
are frequently absent, and when 
present are of relatively small size. 

The crowns of the true molars 

are either tuberculate or have . ^ . r u 

transverse ridges ; and as a general of the wombat {Phascoimnys), 

rule there are not more than two 

premolars. Very frequently the last premolar has a long and narrow 
crown, with a concave superior border adapted solely for cutting. 
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Family Phascolomyid^. — This family is now represented only 
by the genus Fhascolomys^ or Wombats ; in which the dental formula 

is L C. Fm. M. and all the teeth grow from persistent 

pulps. The true molars have curved crowns consisting of two sub- 
equal lobes, while the premolar has only a single lobe, and is not 
preceded by a milk-tooth. The mandible (figs. 1152, 1153) is 
characterised by having a pit and perforation in the masseteric 
fossa. The fore and hind limbs are of equal length, the former 
being of great strength in accordance with the fossorial habits of 
the genus ; and the humerus has a foramen. There are five digits 
in the manus, all of which are provided with long curved claws, and 
are of subequal size j but in the pes the hallux is imperfect, and 
the three middle digits are of nearly equal size, and partly enclosed 
in a common integument. Three existing species of Wombat are 
known, which are divided into two groups according to the char- 



Yig* 1I53* — Left lateral view of skull of Wombat {Pkascohmys lati/hms). Reduced. 
Axistralia. 


acters of the skull and teeth ; none of them being of large size. In 
the Pleistocene of Australia we meet with remains not only of these 
existing species, but also with several extinct types, one of which 
was of considerably larger dimensions. In the same deposits are 
also found remains of the extinct genus Fhascolonus (with which 
the so-called Scepamodon appears to be identical), characterised by 
certain peculiarities in the incisors. The one known species prob- 
ably attained the dimensions of a Tapir, although of considerably 
stouter build. 

Family Nototheriid^. — This family is represented only by a 
single definitely known genus from the Australian Pleistocene de- 
scribed as Nototherium?- This includes one (or possibly more) large 

^ It has recently been suggested that the figured skull does not belong to Noto- 
iherium^ and that it should be termed Zygomaiurus ; but this view is not sup- 
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species, and appears to have been allied in many respects to the 
Wombats, although presenting several of the dental characters of the 

next family. The dental formula is /. C, Pm, M, and 

I o I 4 

it appears that, at least normally, there was no deciduous milk- 
molar. The cheek-teeth are rooted ; the crowns of the true molars 
carrying two simple transverse ridges. The cranium (fig. 1154) 
presents a very singular contour, the nasals being transversely ex- 
panded ; and the mandible differs from that of the Phascolomyidce 



Fig. 1154. — Left lateral view of the skull of Nototheidum Mitckelli ; from the Pleistocene 
of Australia. One-sixth natural size. (After Owen.) 

by the absence of a pit or perforation in the masseteric fossa (fig. 
1154). The limb-bones appear, however, to have resembled those 
of the latter family ; the humerus having a distal foramen, and 
being evidently adapted for fossorial habits, although it is difficult 
to believe that an animal of such comparatively large bulk could 
have lived in burrows. 

Family DiPROTODONXiDiE. — The genus Diprotodon^ of the Aus- 
tralian Pleistocene, is the sole representative of this extinct family, 
and the type species (fig. 1155) is the largest known member of 
the order ; its bulk being fully equal to that of a large Rhinoceros, 
The dental formula is the same as that of Nototherium ; and the 
structure of the cheek-teeth of the two genera is also very similar, 
although the lower true molars of Diprotodon have no median 
longitudinal bridge. In the incisors of this genus the first pair are 

ported by sufficient evidence. A small Nototheroid from Queensland has re- 
ceived the preoccupied name Owenia, 
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scalpriform, and grow from persistent pulps. The fore and hind 
limbs are of approximately equal length, and adapted solely for 
walking ; the humerus has no foramen ; and it is probable that the 
covering of the toes approximated to the nature of hoofs. The 
mandible, although more convex below, is not unlike that of Noto- 
therium. Professor Huxley has named a second species on the 



Fig 1155 — Left lateral view of the skull of Diprotodon Australis , from the Pleistocene 
of Australia. Much reduced. (After Owen ) 


evidence of premolars, but it is not certain that this determination 
is correct. 

Family Phal\ngeridje. — This family includes the existing 
Phalangers and the Koala {Phascolarctus\ as well as a remarkable 

extinct genus. All these animals have /. and an upper and fre- 
quently also a minute lower canine ; while the premolars may vary 

fifom * to and the true molars from ~ to The structure of 
X 3 24 

the cheek-teeth is subject to great variation in the different genera ; 
the fourth preftiolar being either secant or tubercular. There is no 
pit or perforation in the masseteric fossae of the mandible. The 
limbs are of nearly equal length ; the manus has five subequal digits, 
but the second and third digits of the pes are very slender and 
partially unked by integument ; and the hallux is always opposable. 
In many of the true Phalangers the fourth premolar is grooved, and 
the dentition closely resembles that of the existing genus Hypsi- 
prymnodan among the Meuropodidm, Of living genera the only one 
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known to occur in a fossil state is Pseudochirus^ of which the remains 
of an existing species are found in the Pleistocene cave-deposits of 
New South Wales. The most interesting member of the family is, 
however, the large Pleistocene Thylacoko (fig. 1156), which forms 
the type of a distinct subfamily. The dentition may be represented 

by the formula /. C, Pm. M. The true molars and 

earlier premolars were small, and more or less functionless, while 
the fourth premolar is enormously developed, and has a long sharp 
cutting-edge, so that, in union with its fellow of the opposing jaw, 



Fig. 1136.— Right lateral view of the skull of ThylacoUo camifex ; from the Pleistocene 
of Australia. One-fifth natural size. 


it forms a cutting instrument of extraordinary power. In originally 
describing this remarkable animal from fragments of jaws containing 
the fourth premolar, Sir Richard Owen came to the conclusion that 
the structure of this tooth indicated a carnivorous animal adapted 
to prey upon the huge Diprotodons and Nototheres ; but the dis- 
covery of the complete skull has shown that the animal was more 
closely allied to the existing Phalangers, and that it could not have 
possessed the destructive habits attributed to it by its describer, 
although it is quite probable that its diet may have included the 
smaller mammals, birds, and eggs. It was at one time considered 
that the Multituberculata were allied to this genus. 

Family Macropodid^. — The last, and in many respects the 
most specialised family of the Diprotodontia includes the Kan- 
garoos, Wallabies, and Kangaroo-rats. The dentition is represented 

by the formula /. C. Pm. M . The incisors are 

1024 

extremely secant, those of the mandible being frequently movable 
against one another. The premolars may have either triangular or 
cutting crowns, and in the latter case (fig. ns^) frequently 
grooved ; the third premolar is always, and the fourth in some cases. 
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deciduous, the latter being invariably preceded by a milk-tooth. The 
true molars have either fom: tubercles or two transverse ridges, and 
frequently an anterior talon. The mandible has a deep pit and pet- 
foration in the masseteric fossa. The pectoral limb is always more 
or less markedly shorter than the pelvic. The manus is provided 
with five subequal digits; but in the pes (fig. 1157) the hallux is 
generally absent, the second and third digits being 
very minute and enclosed in a common integument 
{syndactylous\ while the fourth is greatly enlarged, and 
forms the main base of support: The majority of 
forms progress by making enormOus leaps by means 
of their powerful hind-limbs ; but a few, like Dendro- 
lagus of New Guinea, are arboreal. This family may 
be divided into three subfamilies. In the first, or 
Hypsiprymnodontina^ there is a distinct hallux, and 
the dentition clo^ly resembles that of the Phalan- 
gerida ; the Mirth premolar being small, obliquely 
grooved, and directed inwardly at its anterior border. 
In the small existing Hypsiprymnodon there is no tooth 
between the lower incisor and the fourth premolar; 
but in a large extinct form from the Pleistocene of 
New South Wales, described under the name of Tri- 
clis, there is a minute tooth behind the lower incisor 
corresponding to the tooth in the Phalangeridce, com- 
monly reckoned as the representative of the canine. 
This genus, therefore, forms an important link between 
the last-named and the present family. In the second 
subfamily, or Potoroina^ the hallux is absent ; the 
first upper incisor is narrower and longer than either of 
the others (fig. 1158) ; there is always an upper can- 
ine ; the fourth upper premolar is elongated and*lecant, and usually 
with the grooves strongly marked ; while the trqe molars are tuber- 
culate, with the fourth smaller than the third. The Kangaroo-rats 
are divided into the genera Potorous {Hypdprymnus\ Bettongia^ 
and JEpyprymnus ; the latter being represented in the Pleistocene 
of New South Wales by remains of the existing species. 

The third subfamily, or Macropinm^ is distinguished from the last 
by the following characters ; The cutting-edges of the upper incisors 
form nearly a straight line (fig. 1159) ; the upper canine is usually 
either absent or very small ; and the fourth premolar, which may be 
shorter or longer than the first true molar, has either an inner basal 
ridge or lobe. In the existing genus Macropus (Kangaroos) the 
fourth upper premolar has a sharp cutting outer edge, and an inner 
ridge or tubercle ; and diis tooth in both jaws may be either longer 
or shorter than the first true molar. The two rami of the mandible 



IV. 


Fig. 1157. — 
Dorsal aspect of 
the right pes of 
Afacropus Ben- 
nettu Reduced. 
(After Flower.) 



ORDER MARSUPIALIA. 


1287 


are not anchylosed together, and the hind-limbs are much longer 
than the front ones. A large number of fossil species occur in the 
Australian Pleistocene, among which may be mentioned several 
very large forms like M. brehuSy which have the fourth premolar 
longer than the first true molar, and are allied to the small existing 
Wallaby, M, ualabatus (which also occurs in the Pleistocene). 



Fig. 1158. — Dentition oi Potorous, /, Incisors; r, Canine; Premolar; w, Molars. 


Then, again, we have in the same deposits remains of the existing 
Rock-Kangaroo, M {Fetrogak) penicillatus^ and also of the larger 
M. robustuSy and some allied extinct forms. Another group, in 
which the fourth premolar is very small and soon falls out, is repre- 
sented by the existing M. giganteus^ and the larger extinct M, titan 
and M, ferragus, Sthenurus is an entirely extinct genus character- 
ised by the presence of a distinct inner lobe to the fourth upper 
premolar, and is represented by a single species of considerable 
si/e. In ProcoptodoUy again, which is likewise extinct, the fourth 



Fig. 1159. — Macropus Bcnnetii. Lateral view of skull ; from Australia. Reduced. 


upper premolar is like that of Sthenurus^ but the rami of the man- 
dible become anchylosed together in the adult ; more than one 
species are known. Finally, the extinct Palorchestes^ comprising^ 
the largest known member of the family, is distinguished from the 
last-named genus by the longer mandibular symphysis, and the 
absence of an anterior talon in the upper true molars. The length 
VOL. 11. 2 c 
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of the skull of the one known species is estimated at as much as 
sixteen inches. 

Of Uncertain Ordinal Position. — Here may be conveniently noticed 
some minute Mammals, mostly known by teeth or fragments of 
jaws, from the Lowest Eocene of Rheims, of which it is difficult to 
say whether they are Marsupial or Placental, although it is highly 
probable that some of them belong to the former division. Among 
these may be mentioned Tricuspodon^ with teeth resembling those 
of Spalacotkerium ; the allied Orthaspidotherium and Pieuraspido- 
therium ; and Procy?iictis, in which the true molars approximate to 
those of Amblotherium. 
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CHAPTER LX. 

CLASS MAMMALIA— continued. 

Orders Edentata, Cetacea, and Sirenia. 

Subclass II. Eutheria. — The whole of the remaining orders of 
Mammalia are grouped together in a single subclass,^ which is 
characterised by the foetus being nourished in utero by means of the 
maternal blood passing through an allantoic placenta. This sub- 
class is sometimes termed the Piacentalia, but more generally the 
Eutheria. Throughout this subclass the urinogenital organs are 
provided with an external aperture quite distinct from that of the 
alimentary tube ; the corpus callosum of the brain is well developed ; 
there is never any marked inflection of the angle of the mandible ; 
and distinct epipubic bones are absent in the pelvis. With the ex- 
ception of the three orders forming the subject of the present chap- 
ter, the dental formula can always be reduced to some modification 
of that given on page 1249, At the present day the various orders 
have become so well differentiated as to render their definition com- 
paratively easy ; but fossil forms indicate such a close connection 
between the majority of them, that such definition becomes fre- 
quently a matter of extreme difficulty, if not an absolute impossi- 
bility ; and it is to be remembered that it is entirely due to our non- 
acquaintance with forms which must have once existed that renders 
even these imperfect definitions practicable. 

There is at present no conclusive evidence of thfe existence of any 
member of this subclass previous to the Eocene. 

Order III. Edentata. — The Edentata are widely different from 
all other existing Mammals, although there are indications of affinity 
to certain extinct forms mentioned in the sequel under the heading 
of the Tillodontia. Almost the only common character presented 
by the various existing members of this order is that the teeth, when 

^ It has, indeed, been proposed to form a separate subclass — Paratheria — for 
the reception of the Edentates. 
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present, are devoid of^amel, are never developed at the extremi- 
ties of the jaws in the‘ situation of the incisors of other Mammals, 
and are always homoeodont and grow from persistent pulps ; while, 
with the exception of one genus of the Dasypodid(Z^ they are like- 
wise monophyodont. It has, however, been recently observed by 
Dr Ameghino that enamel was present in the teeth of certain South 
American fossil forms; while in the genus Diadomus^ from those 
deposits, a pair of canine-like teeth occur in the symphysis of the 
mandible. In many of the genera the teeth are simply cylindrical, 
but they may be transversely ridged, and occasionally they have a very 
complex internal structure. Not unfrequently the maxillary bone 
sends down a large descending process in the zygomatic arch (fig. 
1163 bis ) ; and certain members of the order are remarkable as being 
the only known Mammals which develop a bony exoskeleton. The 
cervical vertebrae are short and wide, with nearly flat terminal faces 
to their centra. 

The distribution of the Edentates is very restricted. In Europe 
neither at the present day nor in past times is there any known re- 
presentative of the order ; the so-called Macrotheriuni being now 
known to be identical with the Ungulate genus Chalicotherium^ while 
Ancylotherium is also allied to the latter. In tropical Asia we find 
the Pangolins or Manidm ; and in Africa the Orycteropodidm, South 
America is, however, the headquarters of the order, which is there 
represented at the present day by the Anteaters, the Sloths, and the 
Armadillos, and in past epochs by the huge Ground-Sloths and the 
Glyptodonts. The gigantic size of these fossil forms as compared 
with their existing allies of the same area is paralleled by the in- 
stance of the fossil Diprotodont Marsupials of Australia. 

It is evident that the Edentates are widely separated from all 
other existing Eutherians ; and Professor W. K. Parker, in view of 
the tendency to a variation in the number of cervical vertebrae and 
other features, has suggested a separate origin from a Prototherian 
stock. Professor Cope, however, looks upon the order as allied to 
the Tillodonts, and the occurrence of enamel in the teeth of some 
fossil forms may support this view. 

Family Orycteropodid^. — The Ant-Bears (^Orycteropus) of 
Africa are characterised by the body being covered merely with a 
few hairs ; and by the numerous teeth, which are of a remarkably 
complex structure, owing to the presence of a number of vertical 
pulp-canals. In the fore-limb the pollex is absent, but the hind- 
limb has five digits. The femur has a third trochanter, and the 
terminal digits are provided with moderate-sized claws, suitable for 
digging the burrows in which these creatures dwell. At the present 
day Orycteropus is mainly characteristic of the Ethiopian region, 
although one of the two species ranges into Egypt Till very re- 
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cently nothing was known of the palaeoitfeplogical history of the 
family, but Dr Forsyth-Major has recorded a species from the Lower 
Pliocene of the isle of Samos, in the Turkish Archipelago, distin- 
guished from the existing species by the larger size of the lateral 



Fig. 1160. — Lateral view of the skull of Orycteropus capensis. Africa. Reduced. 


metatarsals. The occurrence of this species seems to point to the 
conclusion that Asia was the original home of the family. 

Family Manid^, — The Pangolins {Manis) of India and Africa 
are distinguished from all other Mammals by the body being covered 
superiorly with a coat of imbricated, horny, epidermal scales. 
Teeth are absent ; the limbs are short and furnished with five digits, 
of which the terminal claws are long, curved, and bifid at the extre- 
mities. The humerus has an entepicondylar foramen, but there is 
no third femoral trochanter, and clavicles are wanting. The large 
Manis gigantea of Western Africa is found in a fossil state in the 
Pleistocene cave-deposits of Southern India ; while in the Lower 
Pliocene of the isle of Samos we have a species three times the size 
of the latter, which has been made the type of the genus PalcBo?nanis. 
A phalangeal from the Indian Siwaliks described as Manis appears 
to belong to Chalicotherium. 

Family Dasypodid^. — The Armadillos (fig. 1161) of South 
America are characterised by the presence of a bony dorsal carapace, 
composed of a series of dermal scutes, of which a certain number 
are always arranged in movable bands, while the others may be 
articulated together into solid scapular and pelvic bucklers, as in fig. 
1 16 1. The frontal region of the skull also has a buckler; while 
the tail is defended by rings or tubercles of bone. In the existing 
genera the teeth are simply conical ; and in Tatusia all except the 
last have milk predecessors. Many of the cervical vertebrae are 
anchylosed together ; and the stout humerus has an entepicondylar 
foramen, and the femur a third trochanter. The fore-feet are pro- 
vided with very strong curved claws; and, like the ManidcB^ the 
existing forms are of burrowing hai3its. The Pleistocene cave- 
deposits of Brazil yield remains of some existing and some extinct 
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species of the genem Dasypus, Tatusia, Tolypeutes {hg. ii6i), and 
Xenurus. In the Pleistocene of Argentina we meet with a large 
extinct type known as Eutatus, which is characterised by the whole 
of the carapace consisting of movable bands, which are thirty-three 
in number. The Tertiaries of the same region have also yielded a 
much larger form known as Dasypotherium, which appears to con- 
nect the living forms with the next genus. There were eight lower 
teeth, of which the second appears to have been enlarged, as in 
some species of Mylodon. The most remarkable genus is, however. 



Fig. ii6i. — The three-handed Armadillo {Tolypeutt<i conuru\). South America. 
One-third natural size. (After Murie.) 


Chlamydotherium, of the South American Pleistocene, in which the 
teeth approximate in structure to those of the next family. The 
carapace has several movable bands ; and the largest species is con- 
sidered to have equalled the bulk of a Rhinoceros. The existing 
Armadillos are therefore dwarfs by the side of these huge allies of 
an earlier epoch. 

Family Glyptodontid^. — In this extinct American family the 
body was covered bj a carapace as in the Armadillos ; but this 
carapace (fig. no movable bands, so that the animal 

could not roll itself up ; and since the fore-feet have short thick 
t(fts, it is evident that the habits of this group were not fossorial. 
The carapace usually has its component scutes united by suture, 
but in one genus they were separate; the scutes are, moreover, 
usually ornamented with a sculpture, which varies in the different 
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pnera and species ; but they may be either plain or tuberculated. 
There is usually a ventral buckler (never found in the Armadillos), 



Fig. x\^i.~Glyptodon clavipcs; Pleistocene, South America. Reduced greatly. The tail is 
incorrectly restored, and it is probable that the figured portion belongs to Hoplophorus, 



Fig. 1163.— Grinding .surface of two teeth of 
Glyptodon reticulatus ; from the Plei.stocene of 
South America. 


and the tail is enclosed in a complete bony sheath. The 

g 

teeth are - in number, and have two deep grooves on either side 

o 

dividing them into three nearly 
distinct lobes (fig. 1163); the 
generic name being derived from 
this grooving or fluting. The 
facial part of the cranium is char- 
acterised by its extreme shortness 
(fig. 116^ bis)] and there is a 
long descending maxillary pro- 
cess in the zygomatic arch. Nearly the whole of the vertebral 
column is anchylosed into a long tube, but there is a complex 
joint at the base of the neck. This 
family is mainly characteristic of 
South America ; but species of 
Glyptodon ranged as far as Mexico 
and Texas into North America. 

Great confusion has arisen in re- 
spect to the classification of the 
Glyptodonts, owing to the diffi- 
culty of referring isolated caudal 
sheaths to their proper carapaces. 

The forms with a solid carapace 
may, however, be arranged as fol- 
lows. In Hoplophorus the scutes 
of the carapace are sculptured, and 
often comparatively thin, the peripheral series being flat ; while the 
caudal sheath has several movable rings, and terminates in a long 



Fig. — Left lateral view of the 

skull of Glyptodon; from the Pleistocene 
of ^uth America. One-tenth naturnl 
size. (After Burmeister). 
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subcylindrical tube (fig. 1164), ornamented with a number of large 
disks, surrounded by a series of much smaller ones. It is con- 
sidered probable that the caudal tube represented in fig. 1162 
belongs to this genus. The humerus has an entepicondylar foramen, 
and there are four complete digits to each foot. An allied form, 
from the infra-Pampean of Patagonia, has received the name of 
Palcekoplophorus ; while the terminal tube of a caudal sheath from 
Uruguay has been made the type of the genus Eleutkerocercus. 
The latter specimen is characterised by its loose attachment to the 
enclosed vertebrae, and by the great number of perforations for 
bristles, so that the tail of the living animal must have resembled 
a huge bottle-brush. The genus Panochthus is characterised by the 



Fig. 1164,-— The incomplete terminal tube of the caudal sheath of Hoj^lopkorui , ; from the 
Pleistocene of South America. One-third natural size. 


excessive thickness of its carapace, the scutes of which are tubercu- 
lated, and by a caudal sheath composed proximally of several 
movable rings, but terminating in a long compressed tube orna- 
mented with tubercles, of which some were of very large dimensions, 
and marked with a radiate sculpture. In Eiiryurus the caudal 
sheath is of somewhat similar type, but the scutes of the carapace 
are simply rugose. Dadicurus^ again, also has the scutes of the 
carapace rugose, but the terminal tube of the caudal sheath is 
enlarged into a flattened club-like expansion, covered with coarse 
tubercles, interspersed with a few larger rough disks having a radiate 
sculpture ; these disks having probably been surmounted, as in 
Panochthus^ with homy epidermal spines. The type species at- 
tained a length of about 12 feet. Finally, in Glyptodon (fig. 1162), 
with which Schistopleurum is probably identical, the scutes of the 
carapace had a rosette-like sculpture, the peripheral ones being 
raised into conkal prominences, and the caudal sheath, at least 
in several speeies, was entirely composed of a series of movable 
rings, ornamented with large conical tubercles. The humerus was 
Sevoid of an entepicondylar foramen; and while there were five 
complete digits in the manus, those of the pes were reduced to four. 
Thoracophorus differs from all the foregoing in having the scutes of 
the carapace separated from one another, and thereby approximates 
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to some of the Megatheriid^Ey in which there were a number of small 
ossicles embedded in the dermis of the dorsal region. A similar con- 
dition prevails in Carioderma^ of the Loup-Fork beds of Texas. 

Family MvRMECOPHAGiDiE. — This family comprises the true 
Ant-eaters of South America, represented by the genera Myrmeco- 
phaga, Tamandua, and Cycloturus; but appears to be unknown in a 
fossil state. The jaws are entirely destitute of teeth ; the body is 
clothed with hair ; the tail is long ; there are either four or five digits 
in the pes ; and the third digit of the manus is the longest. 

Family Megatheriid.e. — The members of this family are en- 
tirely extinct, and are confined to the New World. They comprise 
a number of very large forms adapted solely for walking on the 
ground, and showing in their skeletal organisation characters inte^ 
mediate between the preceding and the following families. Thus^S 
while their vertebrae and limbs are constructed like those of the 
Myrmecophagidce^ their crania and dentition resemble those of the 



Fig. Megatherium americanum ; from the Pleistocene of South America. 

Much reduced. 


Bradypodidee. One species of the genus Scelidotherium approxi- 
mates, however, in cranial characters to the former family ; and it 
is probable that the whole three families have originated from a 

single stock. The number of the teeth is usually and the first 

4 

and second teeth may be either in apposition or separated by an 
interval. The femur has no third trochanter ; and the under sur- 
face of the odontoid process of the axis vertebra presents a peculiar 
flattened surface for articulation with the atlas. The type genus 
Megatherium ^ is found in the Pleistocene of both South and North 

^ This name should properly be MegalotheriuiUi but its antiquity renders it 
somewhat sacred. 
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America ; the typical M, americanunt (fig. 1 165) of the former region 
being fully equal in bulk to the largest species of Rhinoceros. The 
teeth (fig. 1166) consist of square prisms, wearing into transverse 
ridges through the presence of two vertical plates of hard dentine 
intercalated between softer dentine and cement ; they are similar in 



Fig 1166 . — Megatherium americanuvt . — Oral surface of the mandible ; from the 
Pleistocene of Buenos Ayres. Reduced. 


Structure, and are all in contact. The feet are provided with power- 
ful and huge claws, the third digit in each foot being the longest ; 
and the humerus has no foramen. 

There are indications that the snout was prolonged, and more or less 
flexible ; and the tongue was probably prehensile. From the characters 
of the molar teeth it is certain that the Megathere was purely herbivorous 
in its habits ; and from the enormous size and weight of the body it is 
equally certain that it could not have imitated its modern allies, the 
Sloths, m the feat of climbing, back downwards, amongst the trees. It 
is clear, therefore, that it sought its sustenance upon the ground, and it 
was originally supposed to have lived upon roots ; but by a masterly 
piece of deductive reasoning. Sir R. Owen showed that this great 
Ground-sloth lived upon the foliage of trees, like the existing Sloths — 
but with this difference, that instead of climbing amongst the branches, 
it actually uprooted the tree bodily. In this tour de force ^ the animal sat 
upon its huge haunches and mighty tail, as on a tripod, and then grasp- 
ing the trunk with its powerful arms, either wrenched it up by the roots 
or broke it short off above the ground. Marvellous as this may s^em, it 
can be shown that every detail in the skeleton of the Megathere accords 
with the supposition that it obtained its food in this way. 

A smaller but allied fom'i from the Pleistocene of South America 
has been named Oracanthus^ but since this term is preoccupied by 
a genus of Palaeozoic Fishes, it should be changed. The genus 
Scelidotkerium (fig. 1167), which may be taken to include /’/a/y- 
onyx^ and likewise occurs in the South American Pleistocene, com- 
prises a number of species, and has characters in some respects 
*inteqnediate between the preceding and the following genera. The 
teeth in the upper jaw have an irregularly oval section, while those 
of the mandible are usually subtriangular ; the whole of the series 
are in contact, and their crowns do not wear into ridges. The 
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cranium is low and elongated ; and, especially in the type species 
(fig. 1168), approximates to that of the Myrmecophagidce, The 
length of the nasals is subject to great variation in the different 



Fig. 1168. — Frontal aspect of the cranium of Scehdotherium leptocephaluw ; from the 
Pleistocene of South America. One-sixth natural sire. 


species. The structure of the feet shows a marked deviation from 
that of Megatherium ; and the humerus was usually provided with 
a foramen. The figure of the skeleton is taken from a specimen 
in the museum at Bologna. The genus Mylodon (fig. 1169) com- 



Fig. roimstm; from the Pleistocene of South America. Much reduced. 

prises another group of large Ground-Sloths, which has been split 
up by some writers into the genera Lesioden^ Fseudolestodon^ Grypo- 
tJurium^ &c., according to certain not very important differences in 
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the structure and mode of arrangement of the teeth. In the upper 
jaw the teeth are usually subtriangular or oval in transverse section, 
and in typical species there i% only a short interval between the first 
and second tooth in each jaw, and the former is worn horizontally ; 
but in other species there is a considerable interval between the 
two, and the first is worn obliquely, as in certain Sloths. The 
humerus has no entepicondylar foramen ; and in the shortness of 
the skull and the characters of the teeth this genus approaches 
nearer to the modern Sloths than any other member of the family. 
The best known species is the South American Mylodon robustus 
(fig. 1169), which was smaller than Megatherium americanum^ its 
length being about 1 1 feet ; but M, armatus (the type of the so- 
called Lestodon)^ from the same country, is considerably larger. The 
type species is M, Harlani^ from the Pleistocene of ‘‘Big-bone 
Lick,’’ in Kentucky, North America ; while the Patagonian M. 
Darwini is a very aberrant form, regarded by some writers as 
generically distinct, and named Grypotheruwi, There are numer- 
ous small dermal scutes, which do not articulate with one another. 
Megalonyx^ from the Pleistocene of North America, is an allied 
genus, characterised by the long interval between the large first and 
the smaller second tooth, and also by the presence of an entepi- 
condylar foramen to the humerus. The type species is M, Jeffer- 
som\ from Kentucky and Tennessee ; while M. cubensis^ from the 
Pleistocene of Cuba, has been separated by some writers under 
the name of Megalochnus {Myofnorphus). Another form hitherto 
known as Calodon^ but which may be named Nothrotherium^ on 
account of the preoccupation of the former term, occurs in the Pleis- 
tocene cave-deposits of Brazil, and agrees with Megalonyx in the 
structure of its limbs, but has teeth of the type of those of Mega- 
therium^ although their number is reduced to ~ ; the type species 

considerably exceeded in size the largest Ant-eater of the present 
day. 

The Mammals from the Lower Pliocene and Miocene of North 
America which have received the names Moropus and Morotherium^ 
and are regarded by Professor Marsh as forming the type of a 
distinct family of Edentates — the MoropodideB — probably belong to 
the Ungulate family Chalicotheriidce, 

Family Bradypodid^. — This family is entirely ccftifined to South 
America, and now comprises two genera of comparatively small 
animals which are of exclusively arboreal habits. The body is 

clothed with coarse hair ; the teeth are - in number in each jaw, 

4 

and are of subcylindrical form, with a central axis of soft dentine, 
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surrounded by a coat of a harder kind of the same substance. The 
foredimbs are enormously elongated ; and both the manus and pes 
are furnished with long, curved claws ; the number of digits never 
exceeding three in each foot. The skull (fig. 1170) is short, with a 
descending maxillary process to the zygoma ; and the tail is rudi- 
mentary. In Bradypus (fig. 1170) the first tooth is equal in size to 
the second, and is worn horizontally ; while the digits are reduced 
to two. In Choloepus^ however, the first tooth is considerably larger 
than the second, from which it is separated by a much longer 
interval than in Bradypus^ and wears obliquely; while there are 
three digits to each foot. The only known f^ossil form is from the 



Fig. 1170 . — Bradypus gul arts. Recent. South America Reduced 

Pleistocene of Argentina, and has been named Nothropus priscus , 
it appears to have been about twice the bulk of Bradypus didactylus^ 
and has the first lower tooth separated by a very long interval from 
the second, although it is of smaller size; the cranium, upper 
dentition, and feet are unknown. 

Order IV. Cetacea. — The Cetacea form, perhaps, the most 
readily defined and sharply differentiated order in the whole class. 
Their contour is fish-like, the body being fusiform, and passing im- 
perceptibly into the head without any distinct external neclv, and 
posteriorly gradually tapering to the extremity of the tail, which is 
furnished with a pair of horizontally-expanded flukes,” formed of 
dense fibrous tissue coveied with skin (fig. 1178). The head is 
frequently very large, and may be as much as one-third the total 
length of the animal. The pectoral limbs are reduced to ovoid, 
paddle-like, organs ; and there are no external traces of pelvic limbs. 
The skin is smooth and without hair ; although bristles may be 
present in the neighbourhood of the mouth, more especially in 
young individuals. Frequently there is a median dorsal fin (fig. 
1 1 78), which however has no bony supports. Both the eye and the 
external auditory aperture are small ; the former having no nictitating 
membrane, and the latter no pinna. The nostrils open by a single 
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or double aperture usually near the vertex of the skull. The bones 
are usually of a spongy nature, and contain a large amount of oil. 
The cervical region of the vertebral column is always very short ; 
and the seven component elements may be partially or completely 
fused together, while the odontoid process of the axis when present 
is short and blunt, and may be entirely want- 
ing. None of the vertebrae unite to form a • 

sacrum. The lumbar and caudal vertebrae i-v v.- / 

are large and numerous, and from the ab- ^ 

sence of zygapophysial articulations allow of ' f -** 

a large amount of motion in the hinder part / >!?\ 

of the body ; the presence of chevron-bones j 

distinguishes the caudals from the lumbars. ^ 

The terminal epiphyses of the vertebrae do y i 
not unite with the centra till the animal is | PS ^ 
fully adult. The cranium presents peculiar ^ 

features which it will not be necessary to 7 
describe here ; although it may be mentioned , U 
that the usually small nasals are generally 
brought up near to the vertex, and that there m 

is a more or less elongated rostrum in ad- 
vance of the external nares, formed by the W F | 

premaxilla, maxilla, mesethmoid, and vomer. y ^ 

Clavicles are absent; the scapula and hu- ^ n 
merus are well developed and freely mov- ^ 

able upon one another, but the anterior ^ ^JH 
bones of the limb admit of only a very A ^ 

slight amount of movement. There are ^ % 

usually five digits in the manus (fig. 1171), ^ 

but these may be reduced to four ; the 
phalangeals are unique among Mammals in jj 

exceeding the number of three to a single 
digit, and also in being furnished with epi- d . 1 ^ t f 

physes. The pelvis is represented by a pair the the 

of styliform bones, which are regarded as 

the ischia; and there are occasionally small uina ; c, Carpus ([the letter 

. ^ , placed on the scaphoid or 

ossifications or cartilages representing the radiale); wi-ws, Metacarpus ; 

aborted bones of the proximal part of the 

hind limb. Teeth are usually present, but 

are very variable in number and size. The dentition in existing 

forms is homoeodont and monophyodont, but it was heterodont 

in the extinct Z^uglodontidcB of the Eocene. 

The Cetacea are not known with certainty before the Eocene, 
and are most abundant in the later Tertiary periods. The denti- 
tion of the Eocene Ztuglodontidc^ indicates that the order has been 
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probably derived firbm Mammals with a heterodont dentition ; and 
Pr&essor Flower comes to the conclusion that it is most probable 
that their ancestors were allied to the Ungulata ; while froal» the 
absence of Cetacean remains in the Cretaceous the same authority ^ 
thinks that the earlier members of the order were inhabitants 
of freshwater. With the exception of the Platanistidce and some 
all existing Cetaceans are of marine or estuarine 

y 

In their increased number of phalangeals (hyperphalangism) the 
Cetacea resemble the Reptilian IchthyosaundcB and Plesiosauridcp^ and 
from this circumstance, coupled with their simple type of teeth, it has 
been argued that they represent the most archaic type of Mammals, and 
even that they are directly descended from the Ichthyosaurs. As already* 
mentioned there are, however, many practically decisive objections^ to 
these views. ^ ^ 

Fof the deterittination of fossil Cetaceans the solid tympanic and 
petrosal bonef of the internal ear, and less frequently the cranial 
rostrum, are oC especial importance, since these parts are generally 
well preserved. 

St5BORi)ER I. Mvstacoceti. — In this suborder, commonly known 
as the Whalebone Whales, functional teeth are never present, al- 
though germs may be developed 
in the gums; ‘^baleen” or whale- 
bone IS always attached to the 
palate ; the tympanic bione (fig. 
1172) is anchylosed to the pen- 
otic and invol^d upon itself; 
the nasal passages are roofed in 
by the nasals, the lachrymal is 
small and distinct from 
jugal ; and the rami of the man- 
dible are laterally curved, and 
do not meet in a symphysift^ 
Family Bal^nid^e. — The 
only family of this sub^der 
may be divided into the BaUt- 
nine and Balmnopterim 
tions. In the fksl of these thert 
is often no dorsal fin, the tympanic (fig. 1172) ha^^ a? characteristic 
flattened and angulated shape, and som| or all of th# dervicsd Yer- 
lebtSfe are at least usually fused together. R^ains oh the (jfwiu# 
(including j^lcenotus an^ Balcenula) bccur abimdantiy m 
the Tliocene, and es^^cially in the English and Bfelgrait Crags/ 0 fi€ 
of these fossil speciq||,(. 5 . affinis) is closely allied to tlfe Greenland 
Whale (fig. 1173 ); while B. primigenia is moie* nearly related to 

tL. 



Fig. 1*73.— Inner view of the right tympanic 
of tl« Whale (Baicemi mvstacetus), 

Ooe-third natural wsse. (After Gray.) 
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the Right Whales of the Southern Seas. Palceocttus^ which tias bfeen 
regs^ed by its describer as of Mesozoic age, may be provisionally 
^referred to this section j the type was probably obtained from the 
Red Crag. In the Balanopterim section a dorsal fin is very gene- 
rally present (whence t|ie name ‘‘ Finners ” applied to many of these 



Fig. 1173. — I-eft lateral view of the skull of the Greenland Whale {Baldna mystacetus). 

Greatly reduced. (After O^j^en.) ^ 


Whales) ; the cervical vertebrae are free, and thicker than in the 
B alanine section; and the tympanic (fig. 1174) is longer, more in- 
flated, and more rounded than in the latter. The existing genus 
Megaptera (in which may be included the fossil Burfinopsis) is 
abundantly represented in the Pliocene Crags of both England and 
Belgiunv Balcenoptera also occurs commonly in the same deposits ; 
B. definita being apparently nearly allied to the existing B. sibbaW^ 





Fig, of the right tympanic of a Rorqual i^akmoptera muaculut). 

Recent. natural sue. (After Gray.) 

attams a length of 80 fe^ ; while B, ema^ginata comes nearer 
^living which is seldom more than 30 feet in length, 

Cemhetiufn (ipcludihg Ctiotheriophanes^ Fksiocetus, and PUsiocet- 
opsis) is character^j^ by the nairowing of the anterior extremity of 
the tyrqi^ic, and m likewise found in the Crags and other Pliocene 
V®u..jfe . ’ ' * an 
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beds ; while Htrpet^eeius from the same deposits is an allied genus 
with an egg-^shaped tympanic, and a talon to the mandibular condyle, 
which recalls that of Physettr, The names Afnphicttus^ Idwcttus^^ 
Isocetus, Heteroctfus, and Mesocetus, have been applied to Cetaceans 
from the Belgian Crag, most or all which may apparently be in- 
cluded in Ce^iherium, Lastly, a vertebra from the Upper Eocene 
of Hampshire has been referred to Bai^snoptera^ but this reference 


requires confirmation. 

Suborder a. Arcideoceti. — This suborder is confined to the 
Eocene and Lower Miocene, and may be characterised by the long 
nasals, and the presence of teeth differentiated into groups in both 
jaws. 

Family ZEUGLODONTiDiE. — In the one genus of the only known 

family the dental formula is /. C, Pm, + M, The cut- 

3 I 5 

ting-teeth are simple and pointed; but the cheek-teeth (fig. 1175) 




Fig 1175- — Zeughdim ceiotdes i from the Middle Eocene of North 
America. K, Left lateral aspect of cranium, much reduced , n, An upper 
molar tooth less reduced. (After Gaudry ) 

have two distinct roots, atid compressed, pointed 
crowns with denticulated cutting-edges. The cra- 
nium is elongated and depressed ; the brain-cavity 
is small ; the temporal fossae and the sagittal crest 
are large ; the cranial rostrum is long, and on the 
sides largely composed of the premaxillae ; the nasals are long, fiat, 
and narrow ; and the external nares are placed more anteriorly than 
in living Cetaceans. All the cervical vertebrae are free, while those 
of the lumbar region are unusually elongated ; but the nature of the 
limbs is not known. In their dentition, as well as in the characters 
of the idcull~especially the long nasals and the forward position of 
the Halves — the i&euglodonts depart less markedly from the general 
|dan of Mammalian structure than any existing members of the 
otler ; imd it is remarkable that the Mystacoceti show a nearer re- 
pemblance in cranial structure to these fossils than is made by the 
Odontoceti The one genus Zeuglod&n is known from the lower 
Tertiaries ||f Egypt, England, and North America; the remains of 
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the typical Z cetoides being extraordinarily abundant in parts of the 
latter country, where they have been weathered out of a deposit of 
Middle Eocene age. 

Suborder 3. Odontoceti. — All living Cetaceans not included in 
the Mystacoceti belong to this suborder, which is characterised by 
the presence of calcified teeth after birth ; the functional ones being 
generally numerous, but sometimes reduced to a single pair (occa- 
sionally wanting). Baleen, or whalebone, is invariably absent ; the 
cranium is more or less unsymmetrical ; the nasals are reduced to 
mere bony nodules which do not roof over the narial passages ; the 
lachrymal is either united to the jugal, or of very large size ; and 
the mandibular rami are nearly straight, and meet in a median sym- 
physis. The tympanic is not anchylosed to the periotic, and has 
not the completely involuted structure found in the Mystacoceti. 

Family Physeterid^, — In this family there are no functional 


teeth in the upper jaw ; and the anterior facet of the periotic for 
articulation with the tympanic is smooth (fig. 1176), while the pos- 
terior tympanic surface of the former bone is broad, with a distinct 
median ridge. In recent genera some or all of the cervical vertebrae 
are fused together. This family is divided into the two subfamilies 
PhyseteriiuR and Ziphiinm, In the ^rmer, which comprises the 
existing Cachalot, or Sperm Whale {Physeter), and the Short-nosed 
Cachalot {Cogia)^ the mandibular teeth are numerous and implanted 
in a long groove partly divided by imperfect septa. Remains of the 
gigantic Sperm \^ale {P. macrocephalus) are found in the English 
Forest-bed, and also in the Pleistocene of South America ; the large 
teeth have no enamel at their summit Allied to this genus are 
Eucetus from the English and Belgian Crags, and Physefodon from 
the Pliocene of Australia ; while Physeterula is a genus founded on 
a whale from the former deposits, which does not exceed some 20 
feet in length. A number of Pliocene and Miocene forms appa- 
rently allied to the Cachalot, 



but with the crowns of the 
teeth tipped with enamel, have 
been described as Balcenodon^ 

Scaldiceius, HoplocetuSy PAysodon, 
and Ziphioides ; Hoplocetus and 
Physodon comprise comparatively 
small species from the English 
and Belgian Crags and the French , 

Miocene ; while Ziphioides is from • 

the Middle Miocene of Baltringen 

in Wtirtemberg. In the Ziphiine subfamily, comprising the existing 
Bottle-nosed {Hyperoodon) imd Beaked-Whales {Ziphius and Meso- 



plodori)i all the mandibular teeth, with the except!^ of one or 
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occasionally two pairs, are rudimentary. JJyptrdodon is represented 
in the Crags of England and Belgium. These beds also yield the 
extinct genus Choncziphius^ as well as several species belonging to 
the living genus Mesoplodm^ which is distinguished from Chone- 
uphius by the complete ossification in the adult of all the elements 
comprising the cranial rostrum. The Crag species of Mesoplodon 
are mainly known by these solid rostra, which in the living species 
are composed of dense ivory-like bone, and are the most solid bones 
found in the whole of the Vertebrata. The periotics (fig. 1176) are 
more rarely found, but are equally characteristic. 

Family Platanistid^e. — This family, which is now represented 
by Platanista of the Ganges, and Inia and Fantoporta of the great 
rivers of South America, is characterised by the large number of 
simple teeth in the elongated jaws, and by the length of the man- 
dibular symphysis exceeding half that of the entire mandible. None 
of the cervical vertebrae are anchylosed together. Remains allied 
to Pantoporia 'were found by Bravard in the Pleistocene of South 
America, but these are referred by some authorities to a distinct 
genus under the name of Pontistes or PalcRopontoporia, The extinct 
genera Champsodelphis and Schizodelphis^ of the European Pliocene, 
are usually referred to this family, but the latter approximates to the 
Delphinidie^ 

Family Squalodontid^. — The extinct Squalodonts were for- 
merly classed with the Ztuglodantidct^ but the characters of the 
cranium are essentially Delphinoid. although the teeth are differenti- 



Fig. 1177.— Three lower molars of Sqmalodon ; from the Miocene of Europe. 

atcd into groups as in the former. The type genus Squalodon ranges 
from the Middle Miocene to the Pleistocene of Europe, and is also 
/ound in the Tertiaries of North America, New Zealand, and Aus- 
tralia. teeth may be arranged as 7 . C Pm, mJ \ 

the premolars are simple, but the true molars (fig. 1177) 
double roots, and crowns very like those of Zmghdon^ although 
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distinguished by the denticulations being more developed on the 
posterior than on the anterior border. The so-called Rhizoprion is 
merely a species of this genus. 

Family DELPHiNiDiE. — In this, the last family of the Cetacea, 
the teeth are simple, and usually numerous in both jaws ; and the 
length of the mandibular symphysis may be very small, and never 
exceeds one-third of that of the entire ramus. The periotics (fig. 
1179), which are frequently found in a fossil condition, are 
readily distinguished from those of the Physeterida^ by having the 
anterior facet which articulates with the tympanic marked by a 



Fig. 1178. — 'J he common PoJphin {Deiphinus dtlfhisy. Reduced. 


number of grooves, as well as by the narrowness of the posterior 
half of their tympanic aspect. This family comprises all the Ceta- 
ceans commonly known as Porpoises, Grampuses, Killers, and Dol- 
phins. Remains of the Narwhal {Monodon monoceros) are found 
in the Norfolk Forest-bed and the Pleistocene of Alaska. The 
genus Delphinapterus^ now represented by the “White Whale,” 
occurs in the Lower Pliocene of Tuscany, as well as in the Pliocene 
and Miocene of other parts of Europe. An extinct species of 
“Killer-Whale” {Orca) is found in both the Italian and English 
Pliocene. The existing Globicephalus 
meias^ or “ Black-fish,” has left its re- 
mains in the superficial deposits of 
Essex ; while the extinct G. uncidens 
occurs in the Suffolk Crags. A left 
periotic of the latter species is repre- 
sented in fig. 1179, in order to show 
the features characteristic of this family. 

The existing Psmdorca crassidens was 
onginally descnbed from a subfossil CoraiUne Cmg of SuflFoik. 
cranium found in the fens of Lincoln- 
shire. Of the smaller Dolphins it is probable that the genera 
Tursiops^ Lagenorkynchus^ and Deiphinus (as now restricted) are all 
represented in the Pliocene of Europe. Eurhinodelphis is a long- 
snouted genus from the Pliocene of Belgium and Italy, which is 
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probably nearly related to the existing Sietw. Delphinoid remains 
fh>m the Miocene of North America have been described by Pro- 
fessors Leidy and Cope under the names of Priscodelphinusy Tetro- 
sph^Sy Zarhachis^ Lophocetus^ jRhabdosteus^ Ixacanthus^ Ancp/onassa, 



Fig. zx8o. — Skeleton of the Manatee (Manatus attstra/zs). Greatly reduced. 


and Orycterocetus ; but further information is required as to the 
affinity of these forms and their right to generic distinction. 

Order V. Sirenia. — The Sirenia, now represented only by the 
Manatees and Dugongs, agree with the Cetacea in their adaptation 
for a purely aquatic life, and accordingly present a strong general 
resemblance in their external contour to the members of that order. 
The head is, however, of normal relative size ; the tail has a hori- 



Fig. irBf.— 'Dorsal view of the i^bt pectoral hmb of Manatus attstralii. Much reduced, 
a, Scapula, Humerus; r, Radius; Ulna, Pollex. 

zontal membranous expansion ; the pectoral limbs, although modified 
ffito padffies (fig. 1181), retain the normal number of phalangeals; 
all external traces of the pelvic limbs are wanting ; and the surface 
of the body is either naked or covered with sparse bristles. The 
Ups are fleshy ; the nostrils placed near the extremity of the muzzle 
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1180); the eyes minute; and the small ear has no external 
pinna. The bones of the skeleton are extremely dense and solid ; 
the cervical vertebrae may be reduced to six, but are never anchy- 
losed together ; and the axis has a well-developed odontoid process. 
The vertebrae have no epiphyses ; and none of them unite to form 
a sacrum. Large chevron-bones are present. Clavicles are want- 
ing ; and no recent forms show any trace of the femur, although a 
styliform rudiment of this bone is found in the extinct Halitkerium, 
The two bones of the forearm in the existing genera (fig. 1181) are 
subequal in size, and frequently anchylosed together. In recent 
forms the skull (fig. 1182) is remarkable for the upward direction 




Fig. 1x82. — Right lateral view of the skulls of Haticore (a) and Manatus (b). Much reduced. 


of the narial aperture, and for the absence or rudimental condition 
of the nasals. The teeth can only be differentiated in the living 
genera into incisors and cheek-teeth, which are separated from one 
another by a long interval ; but in one fossil genus there is a more 
complete dental series ; while in Rhytina these organs were totally 
wanting. In the existing genera the dentition is monophyodont, 
but milk-molars occur in Halitheriunu This order is known from 
the Eocene upwards, but appears to have been steadily dying out 
to the present period. The fossil forms, although decidedly more 
generalised than their living representatives, do not at present afford 
any clear indication as to the origin of the order. 

Family HalicoriDw®. — In this family the one existing genus 
Halicore (Dugongs) has the deflected premaxillae (fig. 1182, a) fur- 
nished with a pair of large tusk-like incisors ; and there are also 
four pairs of functionless germs of cutting-teeth in the similarly de- 
flected mandibular symphysis. Five or six cheek-teeth are devel- 
oped in each jaw, which are usually cylindrical, and all grow from 
persistent pulps, and are not coated with enamel. The Dugongs 
inhabit the coasts of the Red Sea and the Indian Ocean. Prohali- 
core^ from the Pliocene of France, is regarded as nearly allied to th^^ 
existing genus. The only other form which has been referred to 
this family is known by a molar from the Tertiaiy of California, 
which has been described by Professor Marsh under the name of 
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Desirntyhis^ Further information is, however, required before this 
reference can be definitely accepted. 

Famtily HalitherudjE, — ^The fossil forms constituting the Halt- 
tkeriuke are characterised by the presence of upper incisors ; by the 
cheek-teeth being coated with enamel, like those of the Manatida ; 
and by the retention, in at least some cases, of a milk dentition. 



Fig. T183. — Grimlmg surface of the oenultimate and last right lower molars of Jialitherium 
/cssiU ; from the Eurmpean Miocene. 

In the type genus Halitherium (whicll^ may be taken to include 
Halianassa^ Pugmeodon^ and Fehinothenum) there is a pair of tusk- 
like upper incisors, and either five or six cheek-teeth in each jaw ; 
small nasals are present in at least some of the species ; the pre- 
maxillae and mandibular symphysis are bent downwards ; there is a 
descending plate at the angle of the mandible ; and a small rod-like 
ossification represents the femur. The molars (fig. 1183) have a 
pattern on their grinding surface resembling that of Hippopotamus. 



Fig. j 184.— Slusletdti of HaiithSiiim from the Lower Miocene of H ei ie n -Onnnetndt. 

Much reduced.^ 

This gemis ranges from the Lower Miocene (Middle Oligocene) 
to the Lower Pliocene of Europe; and remains of If. Schimi 
1184) are especially abundant in the Lower Miocene sands 
of certain districts of Hessen - Darmstadt Prorastomus^ from 
Tertiary strata in the West Indies, is a generalised form apparently 

^ In this figure the defieetton of the pretnaxilhe if omitted. 
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allied to Halitherium^ but with a fuller dentition, and without the 
marked deflection of the extremities of the jaws. The dentition 




; the upper incisors are not tusk>like ; 


3 I 7 or 8 " ^ 

and the cheek-teeth have simple transverse ridges somewhat like 
those of the Ungulate genera Dinotherium and Listriodon, Eo- 
therium is definitely known by a cast of the brain-cavity from the 
Eocene of Egypt, but teeth from the same deposits described under 
the name of Manatus may perhaps belong to it; its affinities cannot 
yet be properly determined. Probably allied to Halitkerium is 
Crassitherium from the Pliocsepf of Belgium ; while Dioplotherium 
from the Miocene of South Carolina is regarded as intermediate 
between Halkore and Haiitherium, 

Family Rhytinid^. — The H^tinidcB are known only by the 
huge Rhytina gigas^ or Steller’s 8ea-Cow, which was formerly very 
abundant on Behring and Caf|>er Islands in the North Pacific, 
but is commonly supposed to have been exterminated about 1768, 
although a few individuals^ 4 nay have lingered on to a considerably 
later date. The Rhytina attained a length of from 20 to 25 feet, 
and is characterised by the entire absence of teeth, their function 
being supplied by horny plates (comules) on the palate. The head 
is very small in proportion to the length of the body ; and has the 
premaxilte and mandibular symphysis moderately deflected. The 
skin was naked, and covered with a rugged epidermis resembling 
the bark of a tree. Nearly entire skeletons have been obtained 
from the peat of Behring Island. 

Family MANATiDiE. — In Manatus^ the only knj^wn representative 
of this family, the premaxillse and mandibular aymphysis (fig. 1 1 8 2, b) 
are not deflected, and there ane no functional incisors. The cervical 
vertebrae are reduced to six j^jbe cheek-teeth, which are coated with 
enamel and carry two transverse ridges, may be as many as eleven 
in each jaw, although it is seldom that more than six are present 
at any one time. The Mamtees are inhabitanip of the mouths 
and estuaries of the great rivers discharging into the two sides of 
the Atlantic. No fossil forms are known which can be referred 
with certainty to this family, although the type generic name has 
been applied to certain teeth from the Eocene of Egypt already 
mentioned. 

As Sirenians of uncertain affinity may be mentioned Chronozoum 
from the later Tertiary of New South Wales ; Hmicaulodon from 
the Eocene of Shark River; Pachyacanthus from the Miocene of 
^enna ; and Trackytherium (with which Rhytiodus may perhaps be 
identical) from that of France. 
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Order Uitculata. 

Order VI. Ungulata. — The Ungulata, or Hoofed Mammals, con- 
stitute the largest and one of the most important orders into which 
the class is divided; all the included groups being so connected 
together as to preclude their division into well-defined separate 
orders. This order comprises at least seven suborders, of which 
three are totally extinct, while all the others, with the exception of 
the Hyracoidea, have lost a large number of family types at the 
present day. The two first suborders — Artiodactyla and Perisso- 
dactyla — ^present several features in common, and are accordingly 
brigaded together by some authorities under the names of Ungulata 
Vera, Clinodactyla, or Diplarthra ; while all the others are included 
in a second division under the name of Subungulata. 

All the members of this order are adapted for a terrestrial life, 
and in the main for a vegetable diet, although a few are more or 
less omnivorous. Their dentition is heterodont and diphyodont, 
and the milk-set is well developed, and not changed till late in 
life ; and in the Perissodactyla alone among Mammals do we find 
certain instances where the whole four premolars are preceded by 
milk-teeth. The cheek-teeth of the more typical forms have broad 
crowns, with either tuberculated or ridged surfaces ; and their crowns 
are very frequently interpenetrated by deep folds of enamel, which 
}»:^uce a complicated pattern on their worn surfaces. Except in 
T^thirium^ clavicles are always wanting. The toes, with the ex- 
ception erf Chalicothermm, are provided either with blunt, broad 
?iails, or with hoofs more or less completely encasing the terminal 
phalangeals. The feet of existing ty^s are digitigrade, and the 
number of the toes varies from five to one. In all existing forms 
the humerus has no entepicondylar foramen. The scaphoid and 
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lunar bones of the carpus are always distinct ; but the radius and 
ulna may unite. 

In the great majority of instances the cheek-teeth are rooted, and 
in the suborders Artiodactyla, Perissodactyla, and Proboscidea, which 
comprise the most specialised members of the order, a gradual in- 
crease in the height of the crowns of these teeth may be traced 
from the generalised to the specialised genera. Those teeth in 
which the crowns are low, and their whole structure is visible from 
the grinding surface, being known as brachydont (compare fig. 1195); 
while those with high crowns, in which the bases of the enamel-folds 
are invisible from the grinding surface, are termed hypsodont (fig. 
1220). The change from a brachydont to a hypsodont dentition 
is accompanied by the production of a nearly flat and horizontal 
grinding surface in the cheek-teeth, in place of a more or less 
strongly ridged one ; the more sjiecialised type being adapted for a 
perfect grinding action of the up|^ against the lower teeth, while 
in the more generalised type the action is to a great extent a snap- 
ping one. Examples of the former type are shown by the Horse 
and Ox, and of the latter by the Pig and Hyrax. Hypsodontism 
is not confined to this order, as will be noticed in the sequel. 

Some remarks on the probable origin of the order are made 
below under the head of the Condylarthra. In the specialised 
forms there is very often a tendency to a suppression of the anterior 
teeth, more especially in the lower jaw. 

Suborder i. Artiodact\^la. — This and the next suborder 
present certain structural modifications of the extremities, by which 
they are distinguished from the remaining five suborders, and on 
which account, as already mentioned, they are grouped together by 
some writers under the name of Ungulata Vera, or Diplarthra. 
Thus the feet are never plantigrade, and the number of functional 
digits does not exceed four. In the carpus (fig. 1185) the scaphoid 
is supported by and largely articulates with the magnum ; while the 
latter (together with the unciform) supports the lunar, and has no 
connection with the cuneiform. In the tarsus the cuboid extends 
inwardly to articulate with the astragalus, w^hich is deeply grooved 
(fig. 1186). All the component bones of both the carpus and 
tarsus strongly interlock, which makes the structure of these joints 
more complex than in the other suborders. Finally, the jugal forms 
the anterior part of the zygomatic arch (fig. 1187), and the brain is 
of relatively large size and complex structure. 

This suborder, so far as at present known, is distinguished ^ 
from the Perissodactyla by the distal surface of the astragalus (fig. * 
1186) being ginglymoid, by the third and fourth digits (fig. 1185) 
being equal in size, and arranged symmetrically on either side of 
a line drawn between them ; by the absence of a third trochanter 
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to the femur j and by the articulation of the fibula with the cal- 
caneum. In all existing forms the number of the dorso-lumbar 



vertebne is nineteen ; and the nasals are not expanded posteriorly. 
In the dentition- the first tooth of the cheek series never has a 
deciduous predecessor. The upper premotars are very generallf 
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more simple in structure than the true molars ; while the last lower 
true molar nearly always has a third lobe, the same feature being 
repeated in the last lower tooth of the milk series. 

In the Pecora the pelvis (fig. is characterised by the 

great length of the ilia, which are not much expanded ; but in the 
Hippopotamus these bones are shorter and more expanded, and thus 
approximate to those of the Perissodactyla. The symphysis of the 
ischia and pubes is much elongated. 

The true molars in the upper jaw 
carry either four or five main columns ; 
in the less specialised forms such as 
the Pigs (figs. 1194, 1195), such 
columns in both upper and lower 
molars form low subconical tubercles, 
when the dentition is termed duno- 
dont ; but in others, such as Eporeo- 
don (fig. 1201) and the Ruminants 
(fig. 1220), the outer pair of columns 
becomes transversely flattened, and 
the inner pair crescent-shaped, and 
the dentition is then termed seleno- 
dont. In the lower molars of the 
latter type of dentition it is the inner 
columns that become flattened, while 
the outer ones assume a crescent 
shape. There is, however, a complete passage from the one type 
to the other ; the most specialised forms with a hypso-selenodont 
dentition being of comparatively recent origin. The existing mem- 
bers of this suborder are divided into the sections Suina (Pigs 
and Hippopotamus), Tylopoda (Camels), Tragulina (Chevrotains), 
and Pecora (typical Ruminants) ; but since such divisions will not 
hold good for the fossil forms, it will be convenient merely to 
divide the suborder into families. 

It should, moreover, be observed that it is by no means certain 
that all the above-mentioned characters will apply to some of the 
less known earlier members of the ^yborder, since some of these 
included in the Anoplotheriida presegk certain remote indications of 
affinity with the Perissodactyla. 

The advance from a bunodont to a hypso-selenodont dentition is 
accompanied in this suborder by a tendency in the second and thi^ 
metapodials to coalesce into a cannon-bone, and also by a change in, 
the form of the odontoid process of the axis vertebra from a peg-like 
projection to a spout-like demicylinder. The earliest form which 
has been referred to this suborder is the small Pantolestes, from the 
Lower Eocene of the United States. This genus is still very imper- 



Fig. 1186.— Left astragalus of a Rumi* 
nant Artiodactyle {Boty. Reduced. 
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fectly known ; but Professor Cope, who makes it the type of a dis- 
tinct family, states that it has tritubercular upper molars, and four 
digits in the pes, and looks upon it as the ancestral type of the 
Camels. Dr Schlosser i% however, not satisfied that the teeth are 



Fig. 1187.— Left aspect of the Hippopouinu<i(//. am^ibtu*\ Much reduced. (After Giebel.) 


really tritubercular, and suggests that it may indicate a transitional 
type between the Artiodactyla and the Condylarthra. 

Family Hippopotamid^ — This family contains the single Old 
World genus Hippopotamus^ now represented by tw’o species of 



bulky animals, which spend a large proportion of their time in the 
liters of lakes and rivers. In the skull (fig. 1 187) the angle erf* the 
mandible has a descending flange ; the fac^ portion is much don- 
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gated ; and the orbits are tubular and very prominent. The dental 

formula is /. y- - C, Pm, M. The cheek-teeth are 
^ (1-3) I 4 3 

bunodont in structure; the true molars (fig. 1189) having four 
columns, which present trefoil-shaped dentine surfaces wheni» worn ; 
the premolars are simpler. The upper incisors are short and ver- 
tical (fig. 1187), but those Of the lower jaw are procumbent, and 
may be very large (fig. 1191). The canines of the upper jaw are 
curved upwards like those of pigs, while the lower ones are of 
enormous size, and have their extremities obliquely worn to a cutting- 



edge by biting against the outer surfaces of those of the upper jaw. 
The feet (fig. 1 1 88) are short and massive, and furnished with four 
digits, of which the terminal phalangeals bear nail-like hoofs. The 
skin is nearly naked and of great thickness; while the ears and 
eyes are very small, and the tail is short. 

In the more generalised fonns like H, sivalensis (fig. ii^), of the^ 
Pliocene of the Siw^ik Hills of India, there are three pairs of incisors in'^ 
both jaws, all of which are of subequal size. This hexaprotodont poup 
is represented in the Pliocene of Burma by H, iravaticus^ and in that of 
Algiers by H, bonariensis; while its latest member is H, namadicus^ of 
the Pleistocene of the Narbada Valley, in India. In the latter deposits 
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also occurs H. palaindicus, in t^ich the second' lower incisor is very 
minute, and penaps disappears in the adult ; wbite in the existing H. 
amphmus of Africa, which is found fossil in Europe from the Upper 
Pliocene of the 'Val d’Jlm^tiO the late Pleistocene, there are o<sl» two 
pairs of incisors in each iiw, the innermost pair in the mandible oeinK 
of enormous dimenSioJf (fig. 1191)- It is evident from the conditioif 
prevailing in H. palatndicus that it jS'the second paipbf incisors which 
IS ttistung in thfe Austing tgiecies. A^ed to, but S 4 >aller than the latter, 
are H- Penila^pn 6 . H. mitwtus, are found in enonnous 

quantities in tM^ves of Italy and thft,j^e^ibrranean islands. Finally, 



Fig. 1191.— Mandible of Hippopotamus amphibius. Reduced. 


in the small H, liberiensisy now living in West Africa, the number of 
lower incisors is reduced to a single pair. The resemblance of the man- 
dible of Hip^potamus to that of the Antkracotheriida suggests that 
both are derived from a common ancestor. 

Family SuiDiE. — This family may be taken to include both the 
existing Dicotylida and Fhacochmridm and the extinct ListriodonHday 
since fossil forms indicate a close connection between all these types. 
The cheek-teeth are typically bunodont and brachydont, the upper 
true molars carrying four main columns, which may be either simple 
(fig. 1195) or of extreme complexity {Hippohyus\ but which do not 
wear into distinct trefoils. Their outer and inner columns may, 
however, coalesce into tifiliisverse ridges (fig. 1193). skull 

(fig. H92) has a more or less elevated supraoccipital region, from 
which the profile slopes away to the muzke, the nasals being fre- 
quently much elongated; while the mandible has no descending 
flange ac the angle. The canines are frequ^tly large and tusk-like 
(fig. ,1192)1 the superior ones being curved upwards, and the lower 
ones biting against a on th|| outer surface of the upper ones ; 
but in many of the in the recent Peccaries, the 
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development of th|j^ teeth is mudfc less marked The digits are 
usually four in nun^er, but in the existing f<>rms'fRg. 1185) 



Fig. ii9*.->Right lateral aspect of the skull of the Wild-boar (Stts scrcf/a\. Reduced. 
(After Gray ) 


the two middle ones touch the ground. The dental formula is very 
generally the typical one. 

The extinct genus Ustriodon differs from all the other members 
of the family in that ^he true molars (fig. 1193) carry r pair of 
simple transverse ridges. The dental formula is 

/. C. Fm, M.~\ the canines form large 
3133 

tusks; the last upper premolar is simpler than 
the true molars ; and the anterior premolars are 
relatively wide. The skull is essentially that of 
a Pig. Remains of Ustriodon occur in the 
Middle Miocene of the Continent (where they 
have been described under the names of Lophio- 
chcerus and Tapirotherium\ and also in the Plio* 
cene Siwaliks of the Punjab and Sind. The 
molars present the same relation to those of Sus 
as is borne by the molars of Dinotherium to those of many species 
of Mastodon, 

Leaving this aberrant type, we may turn to the typical genus Sus^ 

in which the hormal dental formula is ^ C. Pm. M. 

3 ^ 4 3 

although the first premolar is absent in some fossil species, and also 
in the African Fotamochdsrust which cannot be palaeontologically 
separated. The canines are develdped into tusks (fig, 1192), 
although they are small in the earlier species. The crowns of 
the upper true molars are oblpng,|tnd jxiji the upper and lotver 
last true molars (fig. 1194) jbS>^^though its degree 

VOL. II. 1 * 2 E 



Fiff. 119J. — llie sec- 
ond left upper true mo- 
lar of Listnadok s^len- 
diw, from the Middle 
Miocene of France. 
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of development varies greatly ; and these teeth do not come into 
use until the firA molar has been well worn. The anterior pre- 


molars are compres<||d> and there 



Fig. 11^, — TKc third right lower true molar 
of Sms cristatus ; India, Middle coluini» 

of talon. 


of the earlier forms approximate 


IS no diastema between the first 
and the second. The upper 
premolars are simpler than the 
true molars, and there is con- 
sideri^ble difference in the num- 
rber of accessory tubercles de- 
veloped in the latter ; those 
species in which these are most 
numerous showing a more com- 
plex pattern on the worn 
crowns. The molars of some 
those of Hyotherium, 


The species with the most complicated molar structure are S, Falconeri 
of the Pliocene of the Siwalik Hills, S. phacochctroides of the Pliocene of 
Algeria, S. kamuliensis of the Pleistocene caves of Madras, and the 
living Indian ^ 9 . cHstatus (fig. 1194), which is also found fossil in the 
same caves ; the las^fcwer true molar of the first-named species making 
a decided approach m that of Phacochoerus. In the European Wild- 
boar, which js fossil as low down as the Norfolk Forest-bed, the 

hind lobe" of the last inolar is of moderate complexity. S, tiian^ and . 9 . 
giganteus of the Siwalik Hills of India, together with S. antiquus^ S. 
erymanthius^ and S. major of the Lower Pliocene of Europe, are large 
species with comparatively simple molars ; the first being the largest 
kn#n spe cies, and fully equal m size to a Tapir, S. hysudricus of the 
^jSJwalik Hills, S, palaochoerus of the Lower Pliocene of Eppelsheim. and 
5 . choeroides^ which has been recorded from France and the Middle 
Miocene of Tuscany, are small species with simple molars like those of 
the living S. andamanensis, to which they may be allied. S. arvemensis 
of the Upper Pliocene of France is closely related to the living African S. 
{Potamocncerus) africanus; while in the small S, punjabiensis of the 
Pliocene of north-western India we probably have the direct ancestor of 
the Pigm>-hog {S, salvanius) of the teral-lands of Nipal. No represen- 
tatives of the genus occur in America ; and S, ckoeroides seems to be the 
earliest species. 


Here it will be convenient to notice the African Wart-hogs 
{Phacochmrus) which appear to be related to some of the specialised 

fossil species of Sus, The dental formula is I. ~ ^ C, i, Pm, 

, (*~3) I 3 

M, but the whole of the teeth with the exception of the canines 
3 

and last true molars may be lost in the adult, thus presenting a 
vary retnarkable instance of extreme specialisation. The last true 
molar is a very peculiar tooth, consisting of a great number of tall 
agglomerated column^ or denticules; but a marked approach to 
this structure is presented in some of the species of Shs from the 



ORDER UNGULATA. 


1321 


Pliocene of Algeria and India. Remains of Phacochcerus occur in 
superficial deposits in Africa. The last molar of this genus com- 
pared with that of Hyotherium presents a dfliference analogous to 
that between the corresponding teeth of Mastodon and the Mam- 
moth. . 

We may now revert to the consideration of more generalised 
types. The most important is Hyotherium (in which may be included 
Palceochosrus and Choeromorus) which presents characters connect- 
ing it with DicotyleSy Sus^ and Choeropotamus, and may have been 
the ancestor of the first 


two of these genera. The 
upper true molars (fig. 
1195) have low, square 
crowns, with a rudimentary 
fifth column, which is fully 
developed in Choeropota- 
mus ; and the last true 
molar comes into use be- 



fore the first is worn. In m, i. m. 3. 

the fhird upper true molar molars of Hyothe- 

there is no third lobe, and nwnpennunse ; fr«^ Pliocene India. 


this lobe is small ifi the 


corresponding lower tooth ; while occasionally the last upper pre- 
molar has only a single outer column, as in Choeropotamus, ^he 
canines are scarcely larger than the incisors ; are oval in sect&wi^ 
and the lower one is not received into a notch in the upper jaw. 


The lateral metapodials are stouter than in modern pigs. In Europe 
this genus ranges from the Quercy Phosphorites to the Middle 
Miocene of the Continent ; while in India it occurs in the Lower 
Siwaliks of Sind, and also in Perim Island (fig. 1195); American 
forms which have been referred to this genus are regarded by Pro- 
fessor Cope as distinct. HippohyuSy of the Indian Siwaliks, appears 
to be an allied but specialised form, in which the crowns of the 
molars are much taller, and have lateral infoldings of the enamel, 
whereby an extremely complex pattern is produced on their worn 
surfaces. Samtherium of the Siwaliks must be placed with this 
group ; while Doliochoerus of the Quercy Phosphorites is apparently 
allied to Hyotheriumy although it may also have affinity with Cebo~ 
choerus. The genus BabirusUy of Celebes, is unknown in a fossil 


state. 


In the John Day Miocene of the United States there occur pig- 
like animds apparently connecting Hyotherium with the existing 
Peccaries, most of which may,be included in the genus Cheenohyus, 
These forms agree with Hyotherium in having the fourth upper pre- 
molar simpler than the true molars, but have the lower canine with 
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a triangular section, and received into a notch in the upper jaw, as 
in the Peccaries. The typical forms have only three premolars, but 
in others, which it has been proposed to separate generically as 
Bothrolabis^ |here are four of these teeth. Allied, or probably iden- 
tical forms have been described as Thinohyus and Berchcerus^ the 
former having four premolars. The existing S€jutj;i American genus 
Dicotyles includes the ilell-known Peccaries, ahd has the dental 

formula / C*. Pm, M, The structure of the small 

3 I 3 3 

canines has been already mentioned ; the last upper premolar has 
four columns like the true molars (fig. 1196) ; while the third upper 



Fig. 1196.— Grinding surface of the right upper cheek-teeth of a Peccary {Dicotyles 
labiatus). (After Giebel.) 


true molar, w^hich comes into use before the first is worn, has no 
distinct third lobe. In the pes the phalangeals of the fifth digit are 
aborted. Remains of two existing and one much larger extinct 
species of this specialised genus are found in the Pleistocene de- 
posits of the Brazilian caves ; while large Peccaries also occur in 
the Pliocene of the United States and the Pleistocene of Mexico, 
w^hich have .been described as Platygonus^ but may be included 
in the type genus, although they have rather simpler premolars. 

Family Chceropotamid.e. — The true molars of this extinct 
family are intermediate in structure between those of the Sutdce and 
AnthracotheriidcB ; having in the upper jaw very broad and short 
crowns, which carry five columns arranged as in the latter family. 
The premolars, although somewhat compressed, are not secant, and 
may be of very large size. In the two best known European genera 
there is a diastema between the first and second upper premolars. 
The mandible has no descending flange at the angle. 

One of the most pig-like members of this family is the genus 
CebochceruSy comprising animals of the size of Hyotherium^ which 
have been considered by some as allied to the Lemuridce^ although 
there is little doubt that their true relationships are with the present 
, group. They apparently possessed the full typical number of teeth, 
w^hich (especially in the lower jaw) present a great resemblance to 
those of Hyotkerium ; and it is highly probable that they are closely 
related to the ancestor of that genus. Cebochmrus is represented by 
several species in the Upper Eocene of France ; but the form re- 
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corded from the Middle Miocene of Bavaria may be generically dis- 
tinct Allied to this genus are Hemicharus of the Quercy Phos- 
phorites, and Leptochaerus of the North American Miocene, in which 
the premolars have a very simple structure. All thege* forms, to- 
gether with the following genus, are placed by some writers with the 
Suidce. The typp genus Chotropotamus occurs ip the Upper Eocene 
of France and Eti]^and, and has been eStoneously stated also to 
occur in the Miocene of Bavaria. The upper true molars resemble 
those of certain species of Anthracotherium^ but have shorter crowns, 
with a less approach to a selenodont structure. There is a third 
lobe to the last lower true molar, and the denifei formula is 

/. C - , Pm. 4, M. The feet are unknown, but it is probable 
31 3 3 

that they were furnished with four digits. The type species C, 
gypsorum of the Paris gypsum, was an animal of the size of a large 
Pig ; and it is probable that this genus is a survivor of a form which 
was the common ancestor of both the Suidee and the Anthracothe- 
riidcB, Elot?ierium.^ which has been also described under the names 
of Entelodon^ Archceotherium.^ Oltinotkeriuni^ and Pelonax^ is a larger 
form allied in many dental characters to Chotropotamus ; and is one 
of the very few members of this suborder in which the last lower 
true molar has no third lobe. The premolars are relatively large 
and simple ; the canines recall those of some of the Carnivora; and 
the functional digits of the feet are reduced to two. The dental 
formula is the typical one ; and the genus is placed by some writers 
in the Anthracotheriidm. Its remains are found in the Upper 
Eocene Phosphorites of Quercy, in the Lower Miocene of Ronzon, 
in France, and of Hempstead in the Isle of Wight, and also in the 
Miocene of North America. Apparently allied to this genus is 
Tetraconodon of the Pliocene of the Indian Siwalik Hills, in which 
the last lower molar has a third lobe, and the conical premolars are 
of enormous size. In this neighbourhood must probably also be 
classed the remarkable North American Eocene genus Ach(£nodo?i 
(probably identical with Parahyus) which has, however, been con- 
sidered by Professor Cope as allied to the Lemuroidea and Insecti- 
vora. The structure of the teeth is like that obtaining in the pre- 
sent family, and the last lower molar has a third lobe, but the first 
premolar is wanting in both jaws. The skull presents, however, 
several Carnivorous features, and it is possible that this genus should 
rather be placed among the bunodont Condylarthra in the neigh- 
bourhood of Periptychus, The resemblance presented by the teetl^ 
of the latter to thos6 ©f Elotherium and Achcenodon is, indeed, so re- 
markable as to suggest that those two genera may be descendants 
of some unknown member of the Condylarthra very closely allied to 
the Peripiychidee, 
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Family AnthracotheriidvE. — In this family the dental formula 


is, with one exception, / - , C. - , Pm, -, J/. - ; the upper ttue 

3 ^ 43 

molars (fig, 1199) have broad, low crowns, with five columns, three 
of which are situated on the anterior and two on the posterior lobe ; 
the columns in both upper and lower molars have a more or less 
distinctly selenodont structure ; and the mandible has a descend- 
ing flange at the angle. The Anthracotheres were probably in 
appearance somewhat between a Pig and a Hippopotamus, and 
doubtless dwelt in swamps and marshes. In the type genus An- 
thracotherium (fig. 1197) the selenodont structure of the teeth is 
less marked than in the next genus, with which it agrees in having 
four digits to each foot. 


The species which approaches nearest to Chceropotamus in the structure 
of its molars is the small A. silistrcnse of the lower Siwaliks of India ; 
but the still smaller A. Gressfyi (fig. 1197) from the Upper Eocene of 
Switzerland and Hampshire, agrees with that genus in having a diastema 



Fig. 11^7 . — Anthracotherium Gresslyi. The left half of the palate and the upper cheek- 
dentition ; from the Upper Eocene of Hordwell, Hampshire. 


between the first and second upper premolars, and in the absence of the 
first lower premolar. In most of the other species all the cheek-teeth were 
in contact. This genus commenced in the Middle Eocene of Promina 
in Dalmatia, where it is represented by A, dalmatinum^ which has been 
made the type of the genus Prominatherium j it was abunitenf in the 
Quercy Phosphorites and Lower Miocene of Europe, where it was re- 
presented by species like magnum^ A. valdensi^^i Lausanne, and A. 

of Tuscany, which attained the size of a Rhinoceros. It was 
repfesented in the Middle Miocene of France by A, Cuvieri, after which 
it died out in Europe, although it survived in India till the Upper Mio- 
cene, where it is known by the large A, hyopotamoides and the small A, 
sitistrense. It is unknown in America. 
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The genus Hyopotamus generally has a more completely seleno- 
dont dentition than Antkracotherium^ but in some species (fig. 1198) 
these characters are less marked, and thus indicate a complete 
transition between the two genera. In those species (fig. 1199) 
which have the most perfectly selenodont dentition the columns of 



Fig. 1198. — The third left upper true 
molar of Hyopotamus giganteus. Up- 
per Miocene, India. 


Fig. 1199 — The third right 
upper true molar oi Hyopotamus 
bovinus. Lower Miocene, Isle of 
Wight. 



the true molars are taller than in the others. The first upper pre- 
molar is separated by an interval both from the canine and the 
second premolar. This genus apparently commenced in the Upper 
Eocene of Europe, and is especially characteristic of the Hempstead 
beds of the Isle of Wight, and of the Ronzon beds of France, where 
it is represented by the large H. bovinus (fig. 1199), velaunus^ 
and the brachydont H, porcinus. In India it survived till the 
Upper Miocene, where it is represented by two species, one of 
which (fig. 1 198) is the largest knowm form ; it 
also occurs in the Miocene of North America. 

The name Diplopus has been applied to 
a form from the Upper Eocene of Hamp- 
shire, with only two digits to each foot, which 
has been referred to this family ; since, how- 
ever, its dentition is unknown this determina- 
tion is only provisional, and it has been sug- 
gestecl that it may be a Dichodon^ although it 
appears too large for the type species. 

Family MERYQpPOTAMiDi®. — This family 
may be regarded as an offshoot from the An- • 

thracotheriid(B in which the upper true molars (fig. 1200) have only 
four columns on their crowns ; the dental formula being the same. 
It is probable that the feet were tetradactylate ; and the mandible 



Fig. 1200. —A right up- 
per true molar of Moryco- 
potamus disstmilis ', from 
the Pliocene of India. 
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has a descending flange. Some writers include this family in the 
AnthracotheriidiB^ and perhaps this is really the better arrangement 
The type genus is found only in the Pliocene Siwaliks of India 
and Burma, where it is represented by M, dissimilis (fig. 1200), 
and two smaller species. An imperfectly known but closely allied 
form from the Upper Miocene of Sind has been described under 
the name of Hemimeryx. In this and all the preceding families the 
odontoid process of the axis vertebra is peg-shaped. 

Family CoTYLOPiDiE. — This extinct North American family, 
usually known as the Oreodontida!^ is regarded by Professor Cope 
as related tQ the AnoplotheriidcB^ but with more completely seleno- 
dont teeth and less specialised feet, which are more like those of 
the Hippopotamus than those of the Ruminants ; but their affinities 
are probably widely spread. Upper incisors are present ; the true 
molars (fig. 1201) are selenodont, and those of the upper jaw 
usually have only four columns on their crowns \ and the pre- 



Fig. 1301 . — Oral surface of the right upper cheek-teeth of E^orcodon major. 
Miocene, North America. 


molars are simpler than the true molars, but are not secant. The 
lower canine is approximated to the incisors, and its function is 
tal^ by the first premolar, which has a tall crown biting behind 
the upper canine. The ulna, radius, tibia, fibula, metapodials, 
nancular, and cuboid are all distinct ; and each foot carries four 
digits. The odontoid process of the axis vertebra is intermediate 
in shape between the peg of the Bunodonts and the half-cylinder of 
the Ruminants ; the lachrymal bone frequently has a deep larmial 
depression ; but the angle of the mandible has no descending flange. 

■3 j 

In the type genus Cotylops {Oreodan) the dentition is / 

Pm, A/; 5 ; the orbits are completely surrounded hy^ bone, the 

premaxillae are separate, the auditory bullae not inflated ; there are 
ifo vacuities in the bones of the face ; and there is a small pollex in 

^ The name Oreodon being preoccupied by Orodus (supra, p, 940), involves 
th#: diange of the family name. Cctylops was originally applietl by Leidy to one 
species o? the type genus. 
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the manus. In Eporeodon^ or Eucrotaphus, the above characters 
are the same, with the exception that the tympanic bullae are in- 
flated ; while Merycochcsrus differs from the latter by the anchylosis 
of the premaxillae. There are seven species in the latter genus. 
Meryckyus is distinguished from Merycochctrus by the presence 
of vacuities in the lachrymal region. In Leptauchenia, which has 
been placed by some writers in the Camelidce^ such vacuities occur 



Fig. 1202. — Frontal (i) and left lateral (2) aspects of the cranium of Cychpidius emidtnuii » 
from the Miocene of the United States. Reduced (After Cope ) 

close to th^ frontals, and the nasals become very small. Still more 
remarkable is the enormous development of these vacuities in Cycle- 
pidius (fig. 1 202), in which the upper incisors are wanting, Pithecistes^ 
again, differs from all the preceding by the absence of the first pre- 
molar, and has but one pair of lower incisors. In the second divi- 
sion of this family, which includes the genera Agrwchoerus and 
Coloreodon^ the orbit is incompletely surrounded by bone, and the 
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fourth upper premolar has two outer columns in place of the single 
one of the typical section (fig. 1201). Colareodon differs from 
Agriochdtrus by having only three premolars, but it may be ques- 
tioned whether this difference really affords sufficient grounds for 
generic distinction. The majority of the genera are confined to 
the White River Miocene of North America, but Merycochotrus 
extends into the Loup-Fork beds, which may be either of Upper 
Miocene or Lower Pliocene age. A tooth, apparently indistinguish- 
able from the molars of Agriocharus^ has been obtained from the 
Pliocene of India. 

Here may be noticed a remarkable form from the Upper Eocene 
of the United States, described under the name of Protoreodon. 
The organisation is said to be of the Cotylopine type, but the 
upper molars have five columns, as in the AnthracotheriidcE and 
Anoplotheriidce, This genus probably indicates an ancestral type of 
the Cotylopidcz^ which should perhaps be referred to a distinct family ; 
it is, however, placed by Professor Cope near the Xiphodonts. 

Family ANOPLOTHERiiDiE. — In this family the cheek-teeth are 
imperfectly selenodont ; the crowns of the upper true molars (fig. 
1204) carrying five columns, three of which are placed on the 
anterior, and two on the posterior lobe, or half, of the crown. All 
the bones of the limbs and feet remain distinct from one another ; 
and there is no descending flange at the angle of the mandible. 
The functional digits may be either two or three in number ; and 
the carpus and tarsus of the original genus are of that type to which 
the name inadaptive has been applied.^ The anterior premolars 
are more or less perfectly secant ; there is generally no diastema in 
the dental series ; and the canines are short and compressed, and 
depart very widely from those of the Anthracotheriidcz and their 
allies, in which they resemble the corresponding teeth of the 
Carnivora. In the type genus Anoplotherium (in which may be 
included EurytJierium and Diplobune) the dentition (fig. 1204) is 

usually / - , C. Fm, M. - ; but occasionally the first lower 
3 ^ 43 

premolar is wanting. The tail (fig. 1203) is long; the functional 
digits may be either three or two ; ^ and the third upper premolar has 
a well-developed inner tubercle. In the typical A, commune^ of the 

1 JTtt the inadaptive modification {Anoplotherium) the carpals of the aborted 
dimts remain as useless lateral bones ; while in the adaptive idodification 
(uyotherium) they shift their position, and take a share in the support of the 
Jirge persistent digits. 

“ Prof. Cope has suggested that the forms with two digits should be excluded 
from this family, but it is the type species which presents this feature. The form 
with three functional digits is indistinguishable by dental characters from the 
typical A, commune with only two. 
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Paris gypsum, the columns of the cheek-teeth are comparatively 
tall, but in other species, like A, cayluxense of the Quercy Phos- 
phorites (fig. 1204), they are shorter, and the teeth thus approxi- 
mate to those of the brachydont species of Hyopotamus, This 
genus is confined to Europe, and is characteristic of the Upper 
Eocene (Lower Oligocene) and the Miocene of Ronzon in Puy-en- 



Velay. The species from the South American Tertiaries originally 
referred to this genus is now known as Proterotherium^ and is 
noticed under the Perissodactyla. The largest species was about 
the size of a Tapir. Here may be noticed five genera from the 
Quercy Phosphorites, some of which appear, on the whole, to be 
most nearly allied to Anoplotherium^ although their teeth present 
certain resemblances to those of the Perissodactyla, in which sub- 
order the last of the group is placed by some writers. Of these 



Fig 1904.— The last five right upper cheek-teeth of Anopiothertum cayluxense ; 
from the Upper Eocene of France. 


genera Adeotherium is characterised by the extreme complexity of 
the last ^pper premolar, which resembles the first true molar ; 
MetriothePium is only known by the mandible, in which the prfe^^ 
molars are simpler than in the type genus; and the true molars 
show some resemblance to those of Lophiomeryx ; Mixtotheriuni^ 
which is described from the palate, and is probably identical with 
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the preceding, also has simple premolars ; Myxochmrus shows less 
completely selenodont teeth ; while those of Tapirulus approximate 
to the molars of the Tapirida. In another direction we have 
Dacrytherium and Flesidacrytherium^ from the Upper Eocene of 
France and England, in the former of which the first upper incisors 
of either side are separated from one another by a wide interval, 
while the first three premolars are more completely secant than in 
the type genus. The dental type of Dacrytherium leads on closely 
to that of Xiphodon^ which, in accordance with the views of Pro- 
fessor Riitimeyi^, is therefore placed in the same family, although 
some writers make it the type of another family, which is taken to 
include either Ccenotherium (Flower), or 
Dichodon (Schlosser). The true molars 
are like those of the type genus Anoplo- 
therium^ although more completely seleno- 
dont; but the first three premolars (fig. 
^ 1205) are much elongated and com- 

Jig. 1205.— The last two left ' t 1 r • 1 t • 

upper premolars and fret true presscd ; and the functional digits were 
the reduced to two in each foot. In the 

typical forms there was no diastema in 
the dental series (which comprises the full typical number), but in 
certain smaller forms, separated by some writers under the name of 
Xiphodontotherium^ a distinct diastema was developed. The Xipho- 
donts were animals of slender build, with limb-bones partly re- 
sembling those of Anoplotherium^ and partly those of the more 
specialised Selenodonts ; they are characteristic of the Upper 
Eocene of England and the Continent, the largest species being 
X, magnus, and the smallest X, (Xiphodontoiherium) secundarius, 
of the Quercy Phosphorites. This genus, although not in the direct 
line, shows how a transition can be effected from the higher Anthra- 
cotheriidce to the Dichodontidce, Rhagatherium^ from the Upper 
Eocene of Switzerland, is an allied genus. Finally, Dr Ameghino 
refers to this family the genus Brachytherium^ from the Tertiary of 
South America ; while Dr Schlosser would include in ^t the genus 
Tetraselonodon^ founded on teeth from the Quercy Phosphorites, 
which have only four columns on the crown. 


Family CvENOTHERIid^. — Following the classification of Pro- 
fessor Riitimeyer the next family we have to consider is that of 
which the type genus is Ccenotherium. All the genera have the full 
complement of teeth, and there are usually five columns, or cusps, 
jjOn the crowns of the upper true molars (which maybe either seleno- 
dont or bunodont) ; two of these columns being placed on the 
anterior and three on the posterior lobe of the teeth, thus reversing 
the arrangement obtaining in the Anoplotheriidce. The type genus 
Ccenotherium comprises a number of species of small animals not 
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larger than a Rabbit, in which the teeth are selenodont ; the ante- 
rior premolars more or less secant ; the auditory bullae inflated (fig. 
1206) and the feet furnished with four complete digits. These 
small animals probably approximated in outward appearance to the 
living Chevrotains (Tragulus) of the Oriental region. In the typical 
forms there is no diastema in the dental series ; but this is present 
in other species to which the name Piesiomeryx has been assigned 



Fig. another ium Filhoii. Upper and lower views of the cranium; 

from the Upper Eocene of Caylux. 


by some writers. The limb-bones show characters connecting them 
both with the Suida and the Ruminants. In the figured cranium 
the nasals are peculiar for terminating in a point. This genus, of 
which the names Zooligus and Microtheriuni are also synonyms, 
ranges from the Upper Eocene (Lower Oligocene) of Vaucluse to 
the Lower Miocene (Upper Oligocene) of Allier. An allied genus 
is Mouillactherium^ of the Quercy Phosphorites, in which the third 
upper true molar has but four columns ; while yet another allied 
form from the same deposits has received the name Oxacron, The* 
European Upper Eocene genus Dichobunus (Didymodon) is regarded 
by Professor Riitimeyer as a bunodont form closely allied to Cceno- 
therium ; Dilotherium and Spaniotherium being kindred genera 
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from the Quercy Phosphorites. The limb-bones, although all the 
four digits are developed, show considerable resemblances to those of 
the Ruminants, and it has been thought that Dichobunus may have 
been the direct ancestor of Gelocus, Here also may be mentioned 
the peculiar Upper Eocene European genus Acotherulum^ in which 
the general form of the skull and teeth of the one known species 
seems to indicate affinity with Dichobunus^ while the absence of the 
third cusp on the hinder lobe of the upper true molars, and the more 
completely bunodont structure of these teeth apparently indicates 
affinity with Cebochoerus and its allies, among which some writers 
prefer to place this genus. 

Family Dichodontid^. — According to the views of Professor 
Riititneyer this family is taken to include several genera with a seleno- 
dont dentition in which the upper true molars have fbi# columns ; 
the type genus Dichodon presenting affinities with Xiphodon, while 
Gelocus and its allies are closely related to the Tra^lidce and the 
Cervidce. Other writers, however, who do not attach such import- 
ance to the structure of the molars, place Dichodon with Xiphodon 
and make Gelocus the type of a distinct family.^ In Dichodon the 

dental formula is L C. Pm, M ^ ; the upper true molars 
31 4 3 

having concave outer surfaces somewhat like those of Hyopotamus^ 
while the earlier premolars are elongated and secant, and thus ap- 
proach those of Xiphodon ; there is no diastema. The limb-bones 
are unknown, but it is probable that there were only two functional 

digits. This genus occurs in 
the Upper Eocene of Hamp- 
shire. In Lophiomeryx (fig. 
1207) from the Upper Eocene 
and Lower Miocene of the 
Continent, the hinder inner 
crescent of the upper true 
molars is imperfectly develop- 
ed, and the first lobe of the 
lower true molars resembles 
that of Anoplotherium^ while the second is Ruminant-like. The 
lower molars also resemble those of Metriotherium (p. 1329), and 
the family position of this genus, which is referred by Prof. Cope 
to the TVagulidce, is still doubtful. Z. Gaudryi from the Quercy 
Phosphorites has been made the type of the genus Cryptomeryx. 
Jn Gelocus^ from the 'Quercy Phosphorites and Lower Miocene of 
Puy-en-Velay, it is not known whether upper incisors were present ; 

* Prof. Cope would include in this family the type genus and the American 
Agriochcei'us and Cahrgodon, 
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but the upper molars have low columns, with wide and open 
valleys, the external surface of each lobe resembling that of Dick- 
odon. The navicular and cuboid bones of the tarsus were united, 
and the metatarsals fused into a cannon-bone, although the meta- 
carpals were distinct. Allied to this genus are Fhanerotneryx 
and Protomeryx of the Upper Eocene of France ; while Chcero’ 
meryx of the Siwaliks of India may be provisionally referred to this 
family. 

Family TraguliD/E. — The fossil forms included in this family 
indicate a transition from the typical genus on the one hand to the 
Dichodontidce^ and on the other to the Cervidm, The upper true 
molars hav^ four columns, and the earlier premolars are more or less 
completely secant. None of the genera were furnished with antlers, 
and it is pfobable that upper incisors were likewise always absent. 
In the existing forms 
the upper canines of the 
males (fig. 1208) are in 
the shape of tusks ; there 
is a long diastema in 
both jaws ; the third 
stomach, or ‘psalterium,’ 
is wanting ; and the pla- 
centa is diffuse. The 
feet have supplementary 
toes, and the metacar- 
pals of the third and 
fourth digits either unite late in life to form a cannon-bone, or re- 
main (as in Hyomoschus) permanently separate. Bachitherium of 
the Quercy Phosphorites, in which there are three premolars in each 
jaw, shows resemblances both with Gelocus^ Hyonioschus^ and Pro- 
dre 7 notherium ; the upper teeth being very similar to those of the 
latter. In Dorcatherium^ with which the existing Hyomoschus of 



Fig 1208. — Reduced side view of the skull of 
Tragulus javanicus. 


Africa appears generically identical, the premolars are — ^ - and are 

(3-4) 

of a secant type, and thus indicate affinity with the Dichodontidce ; 
this genus is found in the Middle Miocene and Lower Pliocene of 
the Continent, and also in the Pliocene of India. Tragulus, which 
differs by the fusion of its metapodials into cannon-bones, and by 
never having more than three lower premolars, is now confined to 
the Oriental region, and is represented by one species in the Plio- 
cene of India. Leptomeryx^ from the Miocene of North America,^ 
has four premolars, of which the first three are simply secant as in 
Traguius^ while the fourth has an inner tubercle ; there are four 
separate metacarpals, but the third and fourth metatarsals form a 
cannon-bone, as in Gelocus, In Prodremotherium, of the Quercy 
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Phosphorites, the dentition is almost, if not quite, indistinguishable 
from that of Leptomeryx, but cannon-bones are found in both limbs, 
although the union of the factors in the anterior ones is less complete 
than in the others. These two genera apparently connect Gelocus so 
completely with the cervine Palaomeryx, that we can have no hesi- 
tation in regarding them as representing the direct line of the 
descent of the Cervidce from the Dichodontidiz ; while we must con- 
sider the existing Tragulidce as lateral offshoots from some nearly 
allied primitive stock. Hypertragulus^ from the Miocene of North 
America, appears to be a form closely allied to Leptomeryx^ but with 
the metatarsals separate. 

Family PoebrotheriiD/E. — We must here leave for a short time 
the connection between the Tragulidce and the Cervidce, to consider 
the Camels and their allies, whose nearest existing relations are to 
be found in the former family. The Poebrotheriidiz are represented 
typically by the genus Poebrotherium^ of the North American Mio- 
cene, in which the dental formula is / ?, C, Pm."^, M. The 

31 4 3 

structure of the cheek-teeth is selenodont ; in the feet the third and 
fourth metacarpals remain distinct, the second and third being rudi- 
mentary; the carpus has a trapezium ; and the navicular and cuboid 
are not fused together. The structure of the cervical vertebrae is 
the same as in the CameiidcB^ of which this family may be regarded 
as the ancestral type ; but in other respects there are signs of 
affinity with the Tragulidce. The type species of Poebrotherium was 
scarcely larger than a Fox. In the John Day Miocene of Oregon 
an allied form has received the name of Gomphotherium ; while 
Leptotragulus of the Upper Eocene of the United States may be 
the ancestral form of both the Miocene genera. 

Family Camelid^. — In the Camels the cheek-teeth are seleno- 
dont 4nd quadricolumnar, but of somewhat simpler structure than 
those of the following families. The navicular and cuboid remain 
distinct, btjt the metapodials unite to form a cannon-bone. At 
least one pair of upper incisors is present; and in the cervical verte- 
brae the arterial canal passes obliquely through the anterior part of 
the pedicle of the neural arch, and is thus confluent posteriorly with 
the neural canal ; a similar condition prevailing in Macrauchenia 
among the Perissodactyla. At the present day this family is repre- 
sented by Camelus of the Old, and Auchenia of the New World ; 
but it appears to have originated in the latter, where a large number 
of forms have been found. The most generalised member is 
Protolabis, of the Miocene of the United States, in which the denti- 
tion is numerically the same as in Poebrotherium, on which grounds 
Professor Cope makes it the type of a distinct family. In Pro- 
camelus (fig. laio, b, c) of the Lower Pliocene or Upper Miocene 
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of the same area, the incisors were reduced (as in all the other forms) 

to but there were still four premolars, although the first is isolated 
3 

and the second very small. Pliauchenia (which is perhaps identical 
with Honiocamelus) has only three lower premolars, and occurs in the 



Fig. 1209. — Left lateral view of the skull of the Camel {Camelus bactrianus\ Reduced, 
f, Upper incisor , r, c, Canines , Isolated premolar. The maxillo-premaxillary suture should 
have been placed in front of c instead of in front of pm. 


Loup-Fork-beds of North America. In Camelus again (fig. 1209) 

the normal adult formula of the cheek-teeth is Pm. % M. - ] the 

3 3 

first upper premolar being canine-like, and separated by a long 
interval from the penultimate tooth of that series. This genus is 
confined to the Old World ; the earliest known species occurring in 
the Pliocene of India, and another form (C. Thomasi) in the Pleisto- 
cene of Algeria. The molars of the Siwalik species show characters 
now only found in Auchenia. The latter generic term is here taken 



Fig. 1210. — A, First left lower true molar of Auchenia hesterna, Pleistocene, Californ^ ; b, 
Fourth right upper premolar and first true molar of Procamelus vtrgimensts^ Miocene, ISorth 
America ; c, Third right lower true molar of do. 


to include a number of fossil New World forms some of which 
have been generically separated under the names of Hemtauchenia 
Palauchenia^ Protauchenia^ HolomeniscuSy and Eschatius. In the 
VOL. II. 2 F 
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existing species, which occur fossil in the caves of Brazil, the pre- 

St 

molars are normally - in number, but there is often but one of 
2 

these teeth in the lower jaw ; in -4. {Palauchenia) magna from the 
Pleistocene of Mexico, there were always two and occasionally three 
lower premolars; while in a Pleistocene South American species 
{Hemiauckenid) there were three premolars in both jaws. In A, 
{Holomeniscus) hesterna (fig. 1210 , a), from the Pleistocene of North 
America, on the other hand, the premolars were reduced to one in 

each jaw ; while A, {Esckatius) 
L 4 vitakeriana has the same num- 
j I J \ distinguished by the 

M J ^ rrsLn simpler nature of the upper one. 

A y ji 1 The majority of the species were 

I iw ^ of comparatively small size, but 

hesterna were 
Camels of 

i I the present day. 

I Family Cervid^e. — The pres- 

1 ' ' I ent and three following families 

\ j » I of the suborder collectively 

I ■ j constitute the Pecora of re- 

I W cent Zoology ; — a group well 

I » ^ defined at the present day, 

II ^ but, as already mentioned, 

Jr jj km connected in past epochs most 

/i intimately by this family with 

the Tragulidce, The dentition 

/■ffm M usually 

5 ^ upper incisors being invariably 

1 11 absent. The true molars are 

^ ^ perfectly selenodont, and the 

vSB / )m upper ones carry four columns ; 

W W I ^ S ™ the second premolar is always 

\ W contact with the third ; there 
1^ y \r is a long interval, or diastema, 

Fig x8ij.~A, Don»! aspect of the right manus between the lower premolars 

of Ox {Bos iaurut)\ B* Do. of nght pes of Red- , ^ j ;« 

peer (jCervus elaj>kwt) Reduced ca, Carpus; and Canine , and the latter IS 
/«, Tarsus ; c. Metapodium (cannon-bone) approximated tO, and closely 

resembles the incisors. The 
third and fourth metapodials {fig. 1211 ) coalesce into a cannon- 
bone ; the navicular and cuboid of the tarsus are likewise united ; 
and tbe odontoid process of the axis vertebra forms a spoutdike 
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half-cylinder. Moreover, in all existing members of this group 
the lateral metapodials are either incomplete or totally wanting 
(fig. 1211); the stomach is composed of four complete cavities; 
and the placenta develops structures known as cotyledons. On the 
skull either horns or antlers are very generally present, at least in 
the males of recent forms. 

In the CervidcR upper canines are generally present, although 
with a few exceptions they are of comparatively small size ; the 
cheek-teeth, and more especially in the earlier forms, are very 
generally of a more or less brachydont structure, the first true 
molar being invariably of this type; and the upper premolars 
always have both an inner and an outer column, and are 
never simply secant like those of the existing Tragulidce, In 
the skull there is always a large vacuity in front of the lachry- 
mal, which prevents that bone from articulating with the nasal. 
In a large number of forms antlers are present in the male, 
and in Rangifer also in the female. Antlers, it may be ob- 
served, are outgrowths of true bone arising from the frontal 



Fig. 1213 . — Reduced left lateral aspect of the skull of the Roebuck {Ca/>reolvs caprea). 

region of the skull (fig. 1212), which during their development 
are invested with a vascular, hairy skin. On the completion of 
their growth a constriction of the blood-vessels near their base is 
usually brought about by the formation of a hurr^ and above 
this point the skin peels off and leaves the bone bare and in- 
sensible; after a time the antler is shed, leaving a more or less 
elongated pedicle attached to the skull, from which a new antler 
is developed. In young animals the antlers are simple, and in 
those species in which they finally attain a great complexity, this 
is acquired gradually in successive annual growths. Each antler 
always consists of a main stem or beam^ and usually of one or more 
branches or tines ; of which the one immediately above the burr 
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is termed the drow-iine. The lateral digits are nearly always 
present, and the distal extremities of the metapodials may be pre- 
served. The existing Deer have been divided into the Plesiometa- 
carpalia (Cervus and Cervulus\ and the Telemetacarpalia (A/ces, 
Capreolus^ Cariacus^ and Rangi/er); the former, which mainly in- 
habit the Old World, characterised by the retention of the proximal, 
and the latter of the distal extremities of the lateral metacarpals. 
As in many analogous instances, the development of the antlers of 
the individual is paralleled by their development in the family; 
since we find that many of the earlier members were totally un- 
provided with these appendages, and that their extreme complexity 
in the more specialised forms was not acquired until a late period 
in the geological scale. 

The least specialised members of this family form the closely 
allied extinct genera Amphitragulus and PalcBomeryx. In the former 
there are four lower premolars, and antlers were entirely absent ; the 
crowns of the molars being low. The largest species was somewhat 
bigger than the Musk-Deer, and the genus is characteristic of the 
Lower Miocene of the Continent. Palmomeryx {Dremotherium^ 
Dicroceros^ and Micromeryx being included) has only three lower 
premolars, except in one species ; and the upper true molars (fig. 
1213), like those of Amphitragulus^ were brachydont, and had no 
distinct accessory column between the inner 
crescents. In one species {P, Feignouxi) the 
lateral metacarpals were perfect, although very 
slender, and the males had long upper canines 
like those of the Musk-Deer, but no antlers ; 
this species being the earliest, and occurring 
in the Lower Miocene of France. In P. fur- 
catus (Dicroceros ekgans)^ of the Middle Mio- 
cene, simple antlers were, however, present, 
and the canines were apparently small. P, 
Bojani^ of the French Middle Miocene, and 
P, sivalensis (fig. 1213), of the Pliocene of 
India, were as large as a Red Deer ; and the latter species, together 
with another from the Pliocene of China, were the last representa- 
tives of the genus, of which the latest appearance in Europe is in 
the Middle Miocene of Sansan, in France. Platyprosopus^ from the 
latter beds, is distinguished by the great projection of the angle of 
the mandible. To the existing Oriental genus Cervulus^ in which 
the molars are more hypsodont, and simple antlers mounted on a 
long pedicle are present, may be provisionally referred C. dicrano- 
ceros (fig. 1214, a), of the Pliocene of Eppelsheim. There is some 
uncertainty as to the earliest appearance of the genus Cervus^ but it 
not improbably dates from the Middle Miocene, and was abundant 



Fig, 1213. — Left upper 
true molar of PaUeomeryx 
sneUertsis. Pliocene, In- 
dia. 
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in the Lower Pliocene ; at the present day it ranges throughout the 
Palaearctic region, but is unknown in the Ethiopian region and the 
greater part of America. This genus, as we have already observed, 
belongs to the Plesiometacarpalian section ; the antlers may be of 



Fig, 1214. — A, Antler of Cenmlus (?) dicranoceros — Pliocene ; b, Antler of Cen>us />ardinensis 
— Pliocene ; c. Antler of the Red Deer (Cerzms elaphus) in the second year ; d, Antler of the 
same in its fully-grown condition ; e, Antler and bony pedicle of the frontal bone of the Muntjak 
{Cervu/ui muntjak) ; f, Antler of the Fallow Deer (jCervus dama). 


extreme complexity ; and the hinder molars are either brachy- or 
hypsodont, there being frequently an inner accessory column in the 
upper true molars. 

The genus is divided into a number of groups, of which the distribution 
can only be briefly noticed. The most aberrant is the Tetraceroiine 
group, formed by Cervus tetraceros of the F rench Pliocene, in which the 
antlers approximate to those of Cariacus, The Axine group, now con- 
fined to the Oriental region, in which the molars are more hypsodont 
than usual, and the antlers are rounded and comparatively simple, is 
represented by several species, such as C, pardinensis (fig. 1214, B), in the 
Pliocene of Europe, while the living C axis occurs in the Pleistocene of 
Madras. The Oriental Rucervine group has a representative in C, siva- 
lensis^ of the Pliocene of India ; while the allied Rusitie group, of the 
same region, in which the antlers are still comparatively simple, and 
with their beam often strongly grooved, is known in a fossil state by the 
remains of existing species from the Pleistocene of India. In the Ela- 
phine group, which includes the Canadian Wapiti {C. canadensis)^ the Red 
Deer (C elaphus) of Europe and North Africa, together with some large 
species from the Palaearctic region, the antlers (fig. 1214, C, d), although 
still rounded, are often cupped at their summits, and carry a second? 
or bez-tine^ immediately above the brow-tine. In this group remains 
referable to the existing Red Deer (C elaphus) are of common occurrence 
in the Pleistocene of Europe. Some of the fossil antlers and jaws indi- 
cate, however, much larger animals than any Red Deer now existing, 
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aij4 it has been suggested that these remains belong either to Citum 
Mtmd of Persia, or to the Wapiti (C. canadensis) of North America. 
BoA these forms are, however, closely allied to the Red Deer, and it 
appears preferable to regard all the European fossils as mferable to a 
single species from which the three existing types are derived. T^ere 
is, however, the name C, spelceus for the large fossil form (which is of 
earlier date than the name C. marat)^ if that be really distinct from C, 
elaphus. Remains of the Wapiti are recorded from the Pleistocene of 
the United States. 

The Eucladoaratine group comprises C Sedgwicki of the Norfolk 
Forest-bed and the Upper Pliocene of Italy, m which the antlers are 



Ixfi. xais.— Skeleton of the Imh {Urvm ^i^anteut) , from the Plewtocenc of Ireland. 
Greatly reduced. (After Owen.) 


'.nore complex than in any other species. In the Damine group the 
antlers (fig. 1214, f) have their terminations palmated, and the brow- tine 
«mple ; the fisting Fallow-Deer (C dama) occurs in the bone-caves of 
Gibraltar, while allied foms are found in the English Forest-bed and 
Crag ; the most noteworthy being C. veriicomts, in which the brow-tine 



OR 0 EE tJNGUtAtA* 


1341 


t$ bent sharply downwards* The last group which it is necessary to 
mention here is the Megacerotim^ which contains only the Irish Deer 
{Cervus gtganteus, fijf* 1215), chameterised by its enormous palmated 
antlers (ng. 1216), which diverge at right angles from the plane of the 
frontals, and have a distinct brow- {Br) and bez- (Bjs) tine, and a small 
posterior tine (PT^ on the opposite side of the beam to the bez-tine. 
Remains of this fine species are found in the Pleistocene of Northern 
Europe, and are especially abundant in the bogs of Ireland, where speci- 
mens have been found with a spread of more than eleven feet between 
the tips of the antlers. 

Passing to the Telemetacarpalian genus Rangifer^ which is at once 
characterised by the peculiar form of the antlers and their presence 
in both sexes, we find remains of the existing Reindeer {R, tarandus\ 



now confined to the higher latitudes of the Northern Hemisphere, 
abundant in the Pleistocene of a large portion of Europe. In Alces 
the Elk, or Moose {A. machlis), of the northern parts of Europe and 
America, occurs in the Pleistocene of the same regions ; while an ex- 
tinct species has been described from the Norfolk Forest-bed. The 
antlers (fig. 1217) have no bez-, and apparently no brow-tine, but 
are divided into an anterior forked branch (A) and a posterior pal- 
mated one (jP). a very remarkable form from the Pleistocene of 
North America, described under the name of Cerva/ces, appears to 
connect Alces with CervuSy although it belongs clearly to the 
metacarpalian section. Thus the antlers (fig. 1218) are superiorly 
divided into an anterior (A) and posterior (F) branch ; but below 
the latter there occur two tines {Bz and FT)y which Dr Scott 
regards as probably corresponding to the bez- and posterior tines 
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of the Irish Deer. And we may likewise trace an intermedialae 
type in the vertical height of the skull, and the form and connec- 
tions of the nasal and premaxillary bones. In Capreolus^ where the 
antlers are simple and rounded, the existing Roe (C. caprea^ fig. 
1212) occurs in the European Pleistocene; while C. cusanus^ of the 
French Pliocene, is regarded as the ancestor of that species ; and 
the peculiar C. Matheroni^ of the Lower Pliocene of both Greece 
and France, is provisionally referred to the same genus. Cariacus, 
again, which is peculiar to the New World, and is characterised 



either by very simple prong-like antlers, or by a more complex form 
totally unlike those of any existing European members of the family, 
is represented by several existing, and perhaps by some extinct, 
species in the Pleistocene of South America. Lastly, it should be 
observed that antlered Deer occur in the Tertiaries of North 
America, and the name Blastomeryx has been applied to one form 
4 fhich is regarded as the ancestor of Cariacus. 

All the preceding existing genera belong to the subfamily Ctrvince^ 
but the Musk-Deer (Moschus\ of the Himalaya and regions to the 
northward, is the type of a second subfamily — the Moschinm. This 
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gmus, in which there are no antlers, and the upper canines of the 
male attain an excessive development, not improbably occurs fossil 
in the Pliocene of the Siwalik Hills. 

Family GiRAFFiDiE. — In this family, which is taken to include 
the Sivatheriidce of some authors, the cranial appendages, when 
present, appear to be intermediate in character between those of 
the Bovidcd and Cervidce, The teeth are more or less brachydont, 

and invested with a rugose enamel ; their number being I. C, 

3 3 3 ^ 

Pm, M, The type genus Giraffa (CamelopardaUs\ which at 
3 3 


the present day is represented only by G, Camelopardalis of Africa, 
is closely allied to the Cervidoe, in which family it is included by 
Professor Riitimeyer ; the frontal appendages consist of a pair of 



short, erect, bony processes, at first connected by suture, but subse- 
quently anchylosed to the skull, which are covered with hairy skin, 
and are present in both sexes. Anteriorly*to these there is a median 
process on the frontals and nasals, which is sometimes termed a 
third horn. There are no traces of lateral digits ; the humerus has 
a double bicipital groove ; there is a lachrymal vacuity in the 
cranium ; and the neck and limbs are enormously elongated. 
Fossil species occur in the Lower Pliocene of Greece, Persia, 
India, and China. Vishnutherium^ of the Siwaliks of Burma and 
India, appears to be an allied genus, with shorter limbs, but the 
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cranium is unfortunately unknown. The next place in the series 
is occupied by Helladotherium^ of the Lower Pliocene of Greece, 
India, and perhaps Persia, in which the cranium is devoid of ap- 
pendages, and the molar teeth become more like those of the Elk. 
The limbs are comparatively short and stout ; the cranium has no 
lachrymal vacuity ; and the one known species was of considerably 
greater bulk than the Giraffe. With Hydaspitherium^ of the Pliocene 
of North-western India, we enter the group in which the cranium 
was provided with large branching antler-like appendages, although 
the exact nature of their covering is unknown. These appendages 
in this genus rise from a common base situated immediately in 
advance of the occiput, but their form is not known ; there were 
lachrymal vacuities in the cranium. An apparently allied form, 
from the Pliocene of Persia, has been named Urmiatherium. In 
Bramatherium^ of the Pliocene of Western India, there were two 



Fig. xax9.— ’Skull of Sivatherium giganteum ; reduced Pliocene, India. The position of 
the hinder antlers should probably be revers<^. 


pairs of these antler-like appendages, the anterior pair arising fro 
a common base, and being of large size. Lastly, we have Siv 
therium (fig. 1219), of the Pliocene Siwaliks of North-eastern Indi 
in which the neck and limbs were not developed beyond the norm 
proportions. There are two pairs of cranial appendages, the bas 
of each being separate. The anterior pair are conical, like those 
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the Giraffe ; while the posterior ones are palmate, and resemble the 
antlers of the Elk. The latter pair are marked by the impressions 
of large blood-vessels, as in the Cervidm^ but do not show the burr 
characteristic of that family, from which it is inferred that they were 
not shed. There is no lachrymal vacuity in the cranium ; the nasals 
are short and arched ; and the bones of the skeleton approximate 
in structure to those of the Cervidm. Some authorities regard this 
genus as most closely allied to brachydont Antelopes like Strepsi- 
ceros^ but it appears to be so intimately connected with the preced- 
ing forms that it seems imperative to place it in the same family, 
although it may indicate an approximation to the Bovidce, 

The remarkable genus Samotherium^ of the Lower Pliocene of 
the Isle of Samos, is referred by Dr Forsyth-Major to the present 
family, although its skull makes a remarkable approximation to that 
of the antelopoid genus Palmotragus, The females were hornless, 
but the males had a pair of small horns immediately above the 
orbit. The molars are described as being very like those of the 
Giraffe. 

Family ANXiLOCAPRiDiE. — This family is now represented only 
by the American Prong-buck {Antilocapra)^ in which the horns are 
of the same nature as in the Bovidce^ but differ in being bifurcated, 
and in the shedding of their sheath. Remains of Antilocapra occur 
in the Pleistocene of North America ; and it is thought that Cosoryx^ 
of the Pliocene of the same country, may have been the direct an- 
cestor of the existing genus. 

Family BoviDiE. — In this, the last, family are comprised the 
most specialised members of the whole suborder, such as the 
Antelopes, Goats, Sheep, and Oxen. The general characters of 
the greater part of the skeleton are the same as those mentioned 
under the head of the Cervidm ; but a remarkable difference is 
found in respect of the frontal appendages. These appendages 
(fig. 1222) are paired, and consist of persistent bony processes, into 
which the air-cells from the frontal diploe often extend ,* they are 
generally subconical or triangular, and often twisted, but never 
branched. These “ horn-cores,” as they are termed, are covered 
with the true horns, which are composed of an epidermal fibrous 
structure, and are never shed. The males of all existing genera in 
the wild state are furnished with these horns, and they are also 
present, although of smaller size, in the females of the great 
majority. In certain domesticated races of so-called polled Sheep 
(fig. 1220), Goats, and Cattle, the horns are, however, wanting in^ 
both sexes ; and this peculiarity is with great probability regarded 
as an instance of reversion, since these appendages are also wanting 
in some allied Tertiary forms of two of these groups. In the 
cranium there is generally no lachrymal vacuity, and the lachrymal 
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found fossil in the cave-deposits of Europe ; while the Afro-Asiatic 
genus Gazella^ in which the lyrate horns are laterally compressed, 
occurs in the Pliocene of Europe, Africa, and India, as well as in 
the Norfolk Forest-bed. The Hippotragine section may be taken to 
include the existing African genera Oryx^ Addax^ and Hippotragus^ 
and is characterised by the long and straight, or backwardly-curved 
horns, the absence of supraorbital pits in the skull, and the broad 
and hypsodont upper molars, which resemble those of the oxen. 
In a fossil state this section is represented by Hippotragus in the 
Indian Siwaliks ; and also by the extinct Falceotyx, of the older 
Pliocene of Greece, Italy, Samos, and France, which appears to 
have been closely allied to Oryx, although showing some affinity to 
Hippotragus. The last section into which the true existing ante- 
lopes may be divided is the Tragelaphine, comprising Boselaphus in 
India, and Tragelaphus, Strepsiceros, and Oreas in Africa. In the 
Indian genus, of which the Nilghai is the only existing representa- 
tive, the horns are short and upright, and are not present in the 
females, while the dentition is hypsodont (fig. 1221); fossil forms 
occur in India from the Siwaliks upwards. In the African forms 
the horns are spirally twisted, with two more or less well-defined 
longitudinal ridges, the skull has deep supraorbital pits and lachry- 
mal vacuities, but no pit in the lachrymal itself, and the molars are 
broad and brachydont like those of the Cervida. Strepsiceros 
(Kudu), in which the anterior ridge on the horns is much the 
stronger of the two, apparently occurs in the Indian Siwaliks, which 
may also contain a representative of the allied Oreas (Eland). The 
extinct Palc^oreas (fig. 1222), of the Lower Pliocene of Europe and 
Algeria, appears to have been allied to both the preceding genera ; 
while the so-called Antilope torticornis, of the Pliocene of France, 
has the posterior ridge of the horns the most developed, as in the 
existing Tragelaphus, to which genus it has, indeed, been referred. 
The remarkable Protragelaphus, of the Lower Pliocene of Greece, 
differs from all the preceding genera in that the horna have only a 
posterior longitudinal ridge, in the absence of supraorbital pits, and 
in the development of lachrymal depressions like those of the Cer- 
vidce. With the Rupicaprine section of this family we come to genera 
showing characters connecting the true antelopes with the goats; 
but the only definitely known fossil remains belong to the existing 
alpine Chamois (Rupicapra), which occurs fossil in the cave-deposits 
of the Continent. Under the name of the Palceoiragine section 
p^ay be included three extinct^ Tertiary genera having the laterally 
compressed hom-cores of the goats, but the upper molars more or 
less like those of the brachydont antelopes. The earliest of these 
genera, and indeed of all the antelopes, is Proiragoceros, of the 
Middle Miocene of France, one of the species having been long 
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since described as Antilope clavata (sansaniensis). These were 
small forms, with short horns, and the crowns of the molars very 
short and moderately wide. In Falceotragus and Tragoceros, of the 
Lower Pliocene of Greece and Samos, the horns were larger, and 
the molars wider. The former genus is considered to be allied to 
Samotheriutn, noticed among the Giraffidce, The true Goats and 
Sheep, collectively forming the section Caprince^ are characterised 
by their more or less laterally compressed and often angulated horn- 
cores, which may be either curved backwards, as in the Ibex, spir- 
ally twisted, as in the Markhoor, or with a peculiar outward curvature 
and twist, as in the Sheep ; the horns themselves being frequently 



Fig. 1282. —Left lateral view of the 
Pliocene Pikermi beds of Greece. 


cranium oi Palaoreas Lindermayeri ; from the Lower 
Reduced. The lachrymal vacuity is omitted. (After 


Oaudry.) 


marked on the anterior surface by transverse ridges. In all the 
genera the dentition is markedly hypsodont, and in existing forms 
the accessory inner column of the upper true molars is wanting. 
None of them show a lachrymal vacuity ; but in the Sheep there is 
generally a deep depression (larmier) in this bone, which is absent 
in the Goats. Capra may perhaps occur in the Upper Pliocene of 
France ; it is represented in the Pliocene of the Indian Siwaliks by 
one species ( C. sivalensis), which is probably the ancestor of the 
Himalayan Thar {C. jemlaicd)-, by another species equally closely 
allied to the Markhoor (U. Falconeri), of the same region ; and not 
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improbably by a third allied to the Himalayan Ibex (C. sibirica). 
Remains of the Pyrenean Ibex (C*. pyrenaicd) are found in the 
Pleistocene cave-deposits of Gibraltar ; and those of the common 
Goat (C. hircus) in the turbaries and fens of England. The very 
remarkable hornless genus Bucapra^ from the Siwaliks of India, has 
a skull presenting a great resemblance to that of the Goats, but 
che^k-teeth like those of the Oxen. The true Sheep {Ovis) appear 
to be a group of very late origin, and are scarcely known in a fossil 
condition ; a large species has, however, been described from the 
Norfolk Forest-bed as O. (Caprovis) Savigni, which was apparently 
allied to the existing Argali. The Musk-Ox {Ovibos) of the Arctic 
regions, which forms a connecting link between the CaprincB and 
Bovina^ occurs fossil in the Pleistocene of Europe and Alaska ; 
while two closely allied forms, from the Pleistocene of Kentucky 
and Arkansas, have been respectively named O. {Bootherium) bombi- 
frons and O. cavifrons. 

The members of the Bovine section, comprising about thirteen 
recent species distributed over the greater part of Europe, Asia, 
Africa, and North America, agree with the Caprine section in having 
no lachrymal vacuities, but differ from the recent members of that 
section in having the crowns of the cheek-teeth extremely tall, with 
large accessory columns in the upper true molars, and their valleys 
filled up by a large quantity of cement. The horn-cores may be 
either rounded, flattened, or angulated, and are frequently directed 
more or less outwardly, but are never curved spirally inwards, or of 
the “ cork-screw ” shape characteristic of many Goats ; while the 
horns themselves are not marked on their anterior surface by promi- 
nent transverse ridges. The most aberrant genus is Leptobos from 
the Pliocene and Pleistocene of India and the Upper Pliocene of 
Italy, in which the frontal portion is broad, with widely separated 
horn-cores placed far below the level of the occiput. The horn- 
cores are sometimes absent \ and this genus is regarded as allied to 
Boselaphus. Bubalus^ typically represented by the Buffaloes of India 
and Africa, but which may also be taken to include the diminutive 
Anoa {B. depressicornis) of Celebes, is characterised by its angulated 
horn-cores, which may be directed either outwards or upwards, and 
by the great convexity of the forehead in the more typical forms. 
Among the more aberrant species may be reckoned three from the 
Siwalik Hills of India (^.^., B. occipitalis\ which are closely allied 
to the Anoa, and (together with that species) by some writers are 
termed Probubalus ; the horn-cores are frequently completely trian- 
^lar in section, and the forehead is not decidedly convex. B, 
platyceros from the same deposits is intermediate between the last- 
mentioned group and the existing Buffaloes. B. antiquus from the 
Pleistocene of Algeria is regarded by Professor Rutimeyer as closely 
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allied to the existing African Buffaloes, although Dr P. Thomas 
thinks it is more nearly related to the living Indian species. The 
latter (i?, buffelus) is found in a fossil state in the Pleistocene of the 
Narbada Valley, India ; while an apparently closely allied form also 
occurs in the Pliocene of the Siwalik Hills. In Bison, now repre- 
sented by the Aurochs of Lithuania {B. bonasus) and the nearly 
exterminated North American Bison americanus, the skull is charac- 
terised by its great relative width and shortness, the tubular orbits, 
the moderately convex forehead, and the curved, round, horn-cores, 
which are placed considerably below the level of the occiput. The 
existing European species is represented by a variety {prisms') in 
the Pleistocene of Europe and Arctic America ; while the gigantic 
B, latifrons of the Pleistocene of Texas may probably be looked 
upon as the progenitor of the recent species of that country. A 
cranium from the Pliocene of the Siwalik Hills has been referred to 
this genus with the name of B. sivalensis, and appears to be allied to 
existing forms. The genus Bos, which is confined to the Old World, 
is the most specialised representative of this section, and may be 
divided into the Bibovine and Taurine groups. In the former are in- 
cluded the wild Oxen of India and Burma, which are characterised by 



the more or less flattened horn-cores, and by certain peculiarities in 
the form of the occipital region. The earliest representative of this 
group is Bos etrusms from the Upper Pliocene of the Continent, ii^ 
which the horn-cores are placed very low down on the frontals ; this 
species being considered to be nearly related to B. banting of Burma. 
A more imperfectly known member of this group is B. palmogaurus 
of the Pleistocene of India, which may turn out to be identical with 
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B. gaurus now living in the same regions. In the Taurine group 
the frontals (fig. 1223) are extremely elongated, and the horn-cores, 
which in the type species are rounded, are placed immediately over 
the occiput. To this group may be referred B, planifrons and B, 
amtifrons of the Pliocene of the Siwalik Hills ; the latter being re- 
markable for its sharply angulated frontals and its enormous horn- 
cores, which have a pyriform section. Another member is B, nama- 
dicus of the Pleistocene of Central India, which presents some ap- 
proximation to the Bibovine group ; but the best known fossil Ox is 
the Urus of the European Pleistocene (fig. 1223), which appears to 
be only a larger form of the existing Ox {Bos taurus\ and of which 
the descendants of wild races are still preserved in Chillingham and 
some other British parks. A still smaller race, whose remains have 
been found in the turbaries and fens of England, and have been 
described under the names of B. longifrons and B. frontosus^ 
seems to be only a stunted variety of the same species, from which it 
is probable that the small cattle of Wales and Scotland have been 
derived. 

Suborder 2. — Perissodactyla. — The characters possessed by 
this suborder in common with the Artiodactyla are noticed under 
that head. The distinctive features of the Perissodactyla are to be 
found in the truncated distal surface of the astragalus (fig. 1224) ; 

the circumstance that the third digit 
in both the fore and hind feet is sym- 
metrical in itself, and larger than 
either of the others (fig. 1225); the 
presence (except in Chalicotheriuni) 
of a third trochanter to the femur 
(fig. 1226); and the non-articulation 
of the fibula with the calcaneum. 
Other characters very generally ob- 
servable in this suborder are, that the 
whole of the series of cheek-teeth are 
in contact with one another ; that the 
upper premolars are nearly or quite 
as complex as the true molars ; that 
the last lower true molar frequently has no third lobe, and that 
when such third lobe is present, it is absent in the last lower milk- 
molar ; while the first tooth of the cheek series is sometimes pre- 
ceded by a milk-tooth. In all existing forms the number of the 
^orso-lumbar vertebrae is never less than twenty-two, and is usually 
twenty-three; while the nasals are expanded posteriorly. The 
stomach is simple, and the placenta diffused. In existing forms 
the cervical vertebrae are markedly opisthocoelous. The upper true 
molars are constructed on some modification of what is known as 



Fig. 1224.— Anterior view of the left 
astragalus of the Horse {Equus cabal' 
lus). One-half natural size. 
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the Lophodont plan (fig. 1228); that is, there is an outer longitu- 
dinal wall, from which two transverse ridges proceed at right angles 
towards the inner border of the crown. In the brachydont forms 
this structure is perfectly simple, but in those genera with very 
hypsodont teeth it is so complicated by foldings and involutions 
that it is not always easy to trace the original plan. The crowns 
of the lower true molars consist in their simplest structure of two 
transverse ridges (as in the Tapir), but these ridges may be curved 
into crescents (as in the Rhinoceros), or complicated by foldings 



Fig. 1226. — Dorsal or anterior 
view of the left femur of Rhino- 
ceros. The median projection on 
the right side of the figure is the 
third trochanter. Reduced. 


and convolutions (as in the Horse). The transition from the sim- 
plest brachydont to the most specialised hypsodont dentition is 
accompanied by a reduction of the number of the digits from four 
or three to one ; that one being the third, or middle, of the typical 
series of five. 

The Perissodactyla have suffered considerably more in proportion 
to their numbers than the Artiodactyla by the extinction of generic 
and family types ; the existing genera being at the present day 
reduced to three, which are the types of as many different families. 
Some writers have suggested that this extinction of types is owing 
to the Lophodont plan of molar structure being less readily suscep- 
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tible of modification than the Bunodont type upon which the Artio- 
dactylate molar is constructed, but this is really a pure assumption. 

Family Tapiridje.— This family is represented by the single 
existing genus Tapirus^ now found in the widely separated areas of 
the Malay Peninsula and South America, and thus affording an 
excellent example of what is termed discontinuous distribution. The 

dental formula is /. C. Pm, M. ^ : the cheek-teeth are 
31 3 3 

brachydont, and of the simple Lophodont type ; the hinder pre- 
molars being as complex as the true molars, and the last lower 
molar having no third lobe. The first upper premolar has a decid- 
uous predecessor ; and in the existing forms there are four digits 
in the anterior (fig. 1225, a), and three in the hind foot. The 
cranium (fig. 1227) has its cerebral portion much vaulted, and the 



Fig. 1227.— Side view of the skull of Tapirus americanus. Reduced. (After Giebel.) 


nasals short and arched ; in one American species (which on this 
account is regarded by some authors as generically distinct under 
the name of Plasmognathus) the narial septum is largely ossified ; 
and there is a short proboscis. In Europe this genus is found in 
the Middle Miocene of France {T, Potrrieri\ and continues to the 
Upper Pliocene ( 7 ! arvernensis) \ it also occurs in the Pliocene of 
China (7 sinensis), and in the Pleistocene cave-deposits of Brazil, 
one of the forms from the latter being indistinguishable from the 
living 7 . americanus. The North American Miocene forms named 
Tapiravus are proba% not generically distinct. An imperfectly 
known form fron* the Middle Eocene of France, described as 
Palmotapirus, is referred by Filhol to this family. 

Family LoPHiODONTiM.--This Eocene family presents char- 
acters allying it very closely with the TapiHdm, Palmotheriidce, and 
Rhinocerotidce, and probably contains ancestral forms of all those 
families. The upper true molars (fig. 1228) are brachydont, and 
always more complex than the premolars ; the last lower true molar 
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generally has a third lobe ; and there are usually four digits in the 
manus and three in the pes. The type genus Lophiodon (fig. 
1228, a) comprises some species which attain a bulk rivalling that of 

the Rhinoceroses, and has the dental formula /. - , C, Pm, M, 

31 3 3 

It is found in the Middle and Upper Eocene of Europe, and is 
generally regarded as having died out without descendants. In 
the dentition here figured the inner crescent of the fourth upper 
premolar is incomplete, and the ridges of the lower molars are 
simple ; the last lower true molar always has a third lobe. Allied 
to Lophiodon is Helaletes {Desmatotherium), of the Upper Eocene 
of North America, characterised by the more rounded upper true 
molars and the absence of a diastema in the lower jaw ; it is re- 



Fig. 12.88. — A, Ihe last five right upper cheek-teeth of Lophiodon isselens7<i, from the Middle 
Eocene of France, r, The right upper cheek-teeth of Hyrachyus agrauus, from the Eocene of 
North America Reduced. 


garded by Professor Cope as an ancestral stock of the Rhinocerotidce. 
With forms from the North American Eocene described as Isectolo- 
phus and Prothyracodon, in the first of which the last lower true 
molar has a third lobe, we come to ’’the consideration of Lophio- 
donts showing more affinity wuth the Tapirs, but it does not appear 
quite certain that both these forms are reall3f entitled to generic dis- 
tinction from the next. The genus Ifyf^chyus (iig. 1228, b), which 
occurs typically in the Uinta an 5 Bridger Eocene of the United 
States, is taken by Dr Filhol to include European Lophiodont^ 
ranging from the Middle Eocene of France to the Lower Miocene 
of St G^rand-le-Puy. This genus has four premolars, of which the 
last is somewhat simpler than the first true molar ; while there is 
no third lobe to the last lower true molar. In the type species the 
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upper true molars (fig. 1228, b) resemble those of the Rhinocerot- 
ida ; but there appears to be a gradual transition in this respect 
towards H, priscus^ of the Quercy Phosphorites, in which these 
teeth have rounded angles, and approximate to those of the Tapirs ; 
from which, however, these forms are distinguished by the simpler 
fourth premolar. This transition has induced Dr Filhol to abolish 
the genus Rrofapirus, which was proposed for If, priscus. The 
latter species is evidently allied to the American Isectolophus ; and 
Dr Filhol suggests a transition from this type towards the Tapirs. 
The typical American species of Hyrachyus is regarded as the 
ancestor of the genus Hyracodon^ which is classed in the Rhinocero- 
tidcB, An American species which may be provisionally included 
* in Hyrachyus is said to have an attachment for a dermal horn on 
each nasal, on which account it is separated by Professor Marsh as 
Colonoceros, The American Eocene genus Dilophodon appears to 
be allied to this group. 

The imperfectly known genus Ribodon,^ from the infra-Pampean 
beds of Patagonia, is apparently nearly allied to Hyrachyus, The 
genus Triplopus,, of the Upper Eocene of the United States, is dis- 
tinguished by having only three digits in the manus, on which 
account Professor Cope makes it the type of the family Triplopod- 
idee. In Hyracotherium,^ with which the forms described under 
the names of Pliolophus and Orohippus^ and not improbably Eo~ 
hippus,^ are identical, the upper true molars resemble those of Lophi- 
odo 7 i,, but their anterior ridge is incomplete, and the transverse ridges 
of the lower cheek-teeth have a tendency to assume a crescent-shape. 
In this genus there is a diastema behind the first premolar, but in 
an allied form from the Lower Eocene of North America, which has 
been named Systemodon^ all the teeth are in contact. The numerous 
species of Hyracotherium indicate animals not larger than a Fox ; 
the dentition is of the full typical number, and the structure of the 
fore-foot is shown in fig. 1236, a. This genus occurs in the Lower 
Eocene ^ both of Europe and North America, and, as will be more 
fully noticed below, it is regarded as the ancestral stock of the 
Equidee. Heptodon,^ from the Eocene of New Mexico, which was 
originally identified with Fachynolophus^ appears to connect the 
latter with Hyracotherium^ although it is placed by Professor Cope 
next to Hyrachyus. In Fachynolopkus the dental formula is of the 
full typical number ; but the upper true molars have taller ridges 
than in Hyracotherium^ and are intermediate in structure between 
Jhose of the latter and of Anchilophus ; the lower molars being 
subcrescentoid. The largest species is F. isselanus^ but there are 

^ It has recently been record^ from the Middle Eocene and the Phosphorites 
of France ; but at least one of the species from the latter deposits indicates a 
form more nearly allied to Anchilophus, 
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several other forms from the Middle and Upper Eocene of the 
Continent ; Propalmotherium (in which Lophiotherium may be in- 
cluded) does not appear generically separable. 

Family PALi^OTHERiiDiE. — With the Pal(zoth€riidcB we enter 
upon another extinct family of this suborder, the type genus of which 
has long been known from the classic labours of Cuvier. In this 
family the upper premolars may be either simpler or quite as com- 
plex as the true molars ; the lower molars have crescentoid crowns, 
and in the last tooth of this series the third lobe may be either well 
developed or almost wanting ; all the cheek-teeth are brachydont, 
and when cement is present it does not fill their valleys. There 
are always three digits in each foot. The type genus Palceotherium^ 
in which may be included Paloplotherium (or Plagiolophus\ ranges 
from the Middle Eocene of the Paris basin to the Lower Miocene 
of Ronzon, but is especially characteristic of the Parisian stage. 

The dental formula is /. C. Pm. M. and the last 

3 I (3-4) 3 

lower molar has a third lobe. In the more typical species (fig. 1229) 
the four premolars are present in both jaws, the fourth upper pre- 



Fig. 1229. — The right upper cheek-dentition of Palctotherium crassum; from the 
Upper Eocene of Paris. Reduced. 


molar is as complex as the first true molar, and the third lower pre- 
molar as the fourth lower premolar ; while the diastema is compara- 
tively short, and the canines are not large. The upper true molars 
of all the species exhibit an expansion of the inner extremities of the 
transverse ridges, foreshadowing the structure of the teeth of some 
of the Equidm. The cranium is Tapiroid in character, especially in 
the prominence of the nasal bones ; from which it is deduced with 
great probability that the nose possessed a short movable proboscis. 
The general form may also be supposed to have been like that of 
the Tapirs, and the restoration of P. magnum given by Cuvier (fig. 
1230) exhibits to us an anim*al closely similar to the existing Tapir. 
In this particular instance, however, we know that the restoration is 
incorrect, since the discovery of a complete skeleton of this species 
has shown that it was a more slender and longer-necked animal, 
resembling in its general figure a Llama. 

In that group, which is considered by some writers as generically dis- 
tinct under the name of Paloplotherium^ the last upper premolar has its 


CLASS MAMMALIA. 


1358 

hinder lobe more or less completely aborted, the third lower premolar is 
less complex than the fourth, the first lower premolar is absent, and the 
corresponding upper tooth may also be wanting ; when the latter tooth 
is present it is sometimes preceded by a milk-molar. In this group P, 
Javali, from the Quercy Phosphorites, is remarkable for the presence of 
a considerable quantity of cement in the cheek-teeth, and for the approxi- 
mation of the upper canine to the premolars and its apparent separation 
from the incisors. P. minus from the Paris basin is the smallest species 



of the genus ; while P. codiciense^from the Middle Eocene of France, has 
its fourth upper premolar as simple as in Lophiodon and Hyrachyus^ and 
thus shows how extremely intimate is the relation between all these early 
forms of the suborder, and how very difficult it is to give any good dis- 
tinctive characters of the families into which it is convenient to divide 
them. 

In Anchilophus^ of the Upper Eocene of the Continent, the dental 

formula is /. C. Pm, M. ? ; and the cheek-teeth are nearly 
3 ^ 3 3 

a intermediate in structure betwee ) those of Pachy- 

^ nolophus and Anchitherium. The last upper pre- 

Hy molar is as complex as the first true molar ; there 

mm are well-marked ridges on the outer columns of 

Bi molars ; the last lower true molar 

W has a large third lobe ; and the diastema is elon- 

W g^ted. The genus Epihippus from the Upper 

V Eocene of North America, which is reckoned 

Fig. lajr. - A left by somc Writers as being on the direct ancestry 

of the Horse, has been placed here by Dr 
dl^MiocIlJcof Schlosser. The genus forming a step in advance 

of Anchilophus is Anchitherium^ typically from 
the Middle Miocene of Europe, but with which the contemporary 
North American forms described under the names of Mesohippus 
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and Miohippus may be united. The dental formula is the typical 
one ; the upper premolars are as complex as the true molars (fig. 
1231), the external surface being without a median vertical ridge; 
the first lower premolar is comparatively small ; and the third lobe 
of the last lower true molar is reduced to a small talon ; while the 
incisors have no infolding of the enamel at tlilir summits. Some 
species show a “ larmial depression in the 
lachrymal. The typical A. aureliamnse (fig. 

1231), of the Middle Miocene of the Con» 
tinent, is the largest species, and shows no 
trace of the fifth metacarpal ; while the 
meso- and entocuneiform of the tarsus are 
united. In the smaller A. Bairdi of the 
Miocene of North America the lateral (^its 
are relatively larger, the fifth metacarpal is 
represented by a splint, and the meso- and 
entocuneiform are separate. Allied to this 
genus are Anchippus^ Parahippus^ and Hyo- 
hippus of the North American Miocene. 

Family Proterotheriid^. — In this place 
it may be convenient to notice the genus Pro- 
terotherium from the Tertiary of Patagonia, 
which was at first regarded by Dr Ameghino 
as belonging to the Artiodactyla, but was 
subsequently made the type of a distinct 
family of this suborder. One species was 
referred by Bravard to Anoplotherium^ while 
a second was subsequently described by Dr 
Burmeister first as Anchitherium^ and then 
as Anisolopkus, The upper premolars are 
nearly as complex as the true molars. The 
names Thoaiheriuni^ Diadophorus^ and Li- 
caphrium have been applied to allied forms 
from the same deposits. The lower molars 
have four distinct roots. It may be ques- 
tioned whether these forms are really en- 

titled to form a distinct family. M«aclr: 

Family EguiDiE. — The division between pal (cannon-bunt) ; Jf, Lateral 

this family and the PalaotheriidcB is a more third digit.^’ ° 

or less arbitrary one. In the present one the 

upper premolars are as complex as the true molars, and all thes 
cheek-teeth are usually of an extremely hypsodont type, with their 
valleys filled with cement ; the crowns of the lower molars are cres- 
centoid, with complex folds of enamel, and there is scarcely any 
distinct third lobe to the last lower molar. The digits may be 
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either one (fig. 1232) or three in number ; the ulna and fibula are 
incomplete; and the meso- and entocuneiform of the tarsus are 
united. The plane of wear of the cheek-teeth becomes nearly 
smooth, instead of being raised into ridges as in the preceding 
families ; and the summits of the incisors have an infolding of the 
enamel extending some distance into the crown. One of the most 
generalised forms is Protohippus or Merychippus of the Lower 
Pliocene of North America, in which the permanent molars re- 
semble those of the generalised species of Equus, but have shorter 
crowns, while the milk-molars approximate more nearly to the true 
molars of Anchitherium, The next genus is Hipparion {Hippo- 

therium). The dentition is I. C, Pm, ~ ^ ; but the first 

3133 

upper cheek-tooth, which has no predecessor and appears with 
the milk series, is shed before the animal is adult. The upper 
cheek-teeth (fig. 1233) at first sight seem to differ very widely 



from those of the Palceotherium type (fig. 1229), but a closer 
examination will show that the outer portions ifiarked a and b cor- 
respond to the outer wall of the more generalised tooth ; while the 
portions c and and d and f respectively represent the first and 
second transverse ridges of the same. These ridges have, however, 
united together in a crescent-like form, and enclose between them 
and the outer wall a pair of islands surrounded by a plicated wall of 
enamel and filled with cement. The terms which it is convenient 
to apply to the Equine molar are indicated in the accompanying 
figure ; and the distinctive feature of the upper teeth of Hipparion 
pis that the anterior pillar {e) is disconnected from the anterior inner 
crescent {c) for at least three-quarters of its height, so that it nor- 
mally appears on the worn crown as an isolated oval (fig. 1233). 
There are normally three digits to each foot, but in the Pliocene 
Indian H antihpinum they are apparently reduced to one; this 
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form having been made the type of the genus Hippodactylus, The 
best known species is H. gracile of the Pliocene of Europe, Samos, 
Persia, and Algeria ; but the genus is also well represented in the 
Pliocene of India (h. antilopinum^ H, Theobaldi\ China (H. Richt- 
hofent), and North America. All the species retain the primitive 
feature of a depression in the lachrymal. With Equus (in which 
may be included the American Hippidtum, otherwise Pliohippus) 
we come to the most specialised of all the Perissodactyla. The 

dentition is / C. ~, Pm, M, - ; but the first upper cheek- 

3 I (3~4) 3 

tooth is usually absent in existing forms, apd the corresponding 
lower one is only occasionally developed in some extinct species. 
The crowns of the cheek-teeth are higher than in Hipparion^ and 
the anterior inner pillar of the upper ones, except in a very early 
stage of wear, is connected with the adjacent inner crescent (fig. 
1234). There is but one functional digit to each foot, although the 



Fig. 1334. — The last four tight upper cheek-teeth of the Horse cabaiius). 

Reduced. 


proximal portions of the lateral metapodials remain (figs. 1232, 
1236, d), and in the so-called Hippidium the terminal phalangeals 
were represented by claws. A maxillo-lachrymal fossa is present in 
the extinct E. andium and E, sivalenstSy but is wanting in all exist- 
ing species. At the present day this genus is confined to the Old 
World, and is especially characteristic of Africa, but in the Pliocene 
and Pleistocene it was spread over both North and South America. 

In those South American Pleistocene forms referred by some writej^i 
to Hippidiumy the molars are shorter and more curved than in existing 
species, and the grinding surface of the anterior pillar of the upper ones 
is not wider than in Hipparion; E, principalis is a large species 
of this type. In E, Sfenonis of the Upper Pliocene of Italy, KOs, and 
Algeria, and the Norfolk Forest-bed, the molars are taller, but they still 
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have a narrow anterior pillar in the upper jaw, and thus show their con- 
nection with Hipparion, In E. sivalensisy of the Pliocene of India, and 
E. quaggoides of that of Italy, this pillar becomes rather more widened ; 
and in the Pleistocene E, namadicus of India, as well as in E. curvidens 
of that of Brazil, and all the existing members of the genus (fig. 1234) 
the grinding surface of this pillar becomes greatly widened in the 
antero-posterior direction. It is noteworthy that E. sivalensis is found 
in the same beds as those containing Hipparion; and that the existing 
E. caballus is apparently the common species of the European Pleisto- 
cene, although It is not improbable that the Asiatic E. onager may also 
occur in the same deposits. In Southern India, where no living species 
are found, the remains of the existing African E, asinus and of a larger 



Fig. 1235. — Skull of the Horse {JEguus caballus). Reduced. 


undetermined form occur in the Pleistocene cave-deposits of Madras. 
Finally, it should be mentioned that some of the South American Tertiary 
forms have been separated under the name of Haplohippus, 

Genealogy of the Horse. — Allusion has been incidentally made 
in the preceding paragraphs to the genealogy of the genus Equus^ but 
since this is one of the best instances of evoluti jh among the higher 
Mammals yet worked out it is advisable that it should be noticed rather 
mo<*fe fully. The top of the series is the Equus caballus group, in which 
the dentition is of the most specialised type, and which descends in India 
to the topmost Pliocene ; then we have the E,. Stenonis and E, principalis 

f roup, in Which the molars become more like those of Hipparion; and 
nally the so-called Hippidium, The structure of the fpot is shown in 
fig. 1236, D ; the ^reat size of the phalangeals and the metapodial of the 
functional digit being very noticeable. The earliest occurrence of the genus 
is in the Pliocene of India. F rom the E, Stenonis group to Hipparion 
is but a step, the transitional species being H. anfilopinum of the Plio- 
cene of the Siwalik Hills in which the lateral dimts were apparently 
wanring ; in the other species (fig. 1236, c) the lateral digits are of 
small size, and the middle one is relatively more slender than in Equus. 
Protohip^s connects Equus by the structure of its milk-molars with 
the Miocene Anchitherium : and in the latter the teeth have become 
brachydont, the third lower molar has a small third lobe, and the lateral 
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digits of the foot (fig. 1236, b) have become larger and the middle digit 
smaller ; traces of the fifth metacarpal being retained in the American 
species. The next step is probably made by some form allied to Anchi- 
lophus or Pachynolophus of the Upper Eocene ; and from such a type 
the transition is easy to the Lower Eocene Hyracotheriu7n and Systemo- 
don, in which all the species are very small, the dentition is of the simple 
Lophodont type, with a large third lobe to the last lower true molar, and 
the fore-foot (fig. 1236, a) has four complete digits, which are of sub- 
equal size ; while there may be {Eohippus) a rudimental metacarpal of 
the pollex. Finally, the earliest stage of this series is formed by Phenac- 
odus of the Lowest or Puerco Eocene of North America, in which there 
are five digits to each foot, and of which the structure will be more 
fully noticed under the head of the suborder Condylarthra. It should 
be observed, however, that Professor Cope wqold introduce an inter- 



Fig. 1236.— Bones of the left manus of Hyracofk^rrum AHchitherium (n), 
Hip/^arion (c), and Egnus (d). 


mediate stage between Systemodon and Phenacodus ; and that the same 
authority also introduces the genus PalcBotherium between Hyraco- 
therium and Anchitherium, although most writers regard that genus as 
quite off the line. 

In this connection may be noticed the remarkable circumstance that 
in the line of evolution culminating in the modem Horse a parallel 
series of generically identical or closely allied forms occurs in the Ter- 
tiaries of both Europe and North America, from which it has been sug- 
gested that in both Continents a parallel development of the same genera 
has simultaneously taken place — i.e,, that in both regions Anchitherium 
has given rise to Hipparion, and Hipparion or an allied type to Eguus. 
Now, seeing it is evident that in the case of species of a single genus 
the evolution has taken place in separate lines. — that is to say, that the 
existing Indian species of Cams are probably derived directly from the 
Pliocene forms of the same region, and the Brazilian species of that 
genus have their predecessors of the cave-epoch of that country, — ther^ 
appears no logical reason for refusing to admit an analogous parallel 
evolution in the case of genera, and there is accordingly a considerable 
probability that the hypothesis in question may be a true one. Pro- 
tessor Cope considers that in one country Protohippus, and in the other 
Hipparion^ was the immediate ancestor of Eguus, 
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Family Rhinocerotid^. — With this family we enter upon the 
consideration of another branch probably derived from the primi- 
tive Lophiodont stock, which attained great development in Ter- 
tiary times, and is still represented in Asia and Africa by at least 
five well-defined species. It is not easy to distinguish this family 
from the Lophiodonttdce^ as represented by Hyrachyus (which Dr 




Fig 1237.— Left half of the palatal <turface of the cranium, and left lateral aspect of the skull 
of Mttamynodpn plam/tvm t f^ the White River Miocene of North America. One sixth 
natural swe* Nasal, Frontal, Pa^ Parietal, Supraoccipital , jw, United post- 

glenoid and posttymoanic processes, i, 2, 3, Alveoli of incisors, c, Alveolus of canine, 2, 3, 4, 
Premolars ; l, a, 3, Xlrue molars. (After Scott and Osborn ) 

Schlosser includes in the Rhinocerotidd), hut the uppter true molars 
^g- 1239) generally have a very thick outer wall, which is often 
f&oduced in advance of the first ridge , their transverse ridges are 
but slightly bent, and are intimately connected with the outer wall ; 
the upper premolars are usually nearly or quite as complex as the 
true molars; the lower cheek-teeth are more or less completely 
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crescentoid ; and in all the forms in which that tooth is known 
there is no third lobe to the Iasi lower true molar. The height of 
the cheek-teeth varies considerably, their crowns being tallest in 
Elasmotherium, One or more dermal horns may be attached to 
the fronto-nasal region ; and when two of these appendages are 
present they may be either placed one bdiind another in the middle 
line, or in a pair on either side of this line. The digits of the pes 
are apparently always three, but there may be either three or four 
in the manus. One of the most generalised forms is Hyracodon^ 
from the Lower Miocene of Nebraska, in which the dental formula 


is /. C. i, Pm. M, There were apparently only three digits ; 

the neck and limbs were slender and Horse-like ; and there was no 
trace of a nasal horn. This genus was in all probability a de- 
scendant of the Lophiodont Hyrachyus, but does not appear to 
have been the progenitor of the true Rhinoceroses. In some re- 
spects still more generalised is the genus Amynodon {Orthocynodon\ 
from the Middle and Upper Eocene of North America, in which 
the dental formula was the same as in Hyracodon. The lower 
canines were nearly upright ; there was a short diastema ; the pre- 
molars were unlike the true molars ; and it is believed that the 
manus had four digits. Allied to this genus is Meiamytwdon, from 
the Miocene of the United States, in which the skull (fig. 1237) 

has a strong sagittal crest, the premolars are reduced to the lower 

canines have become somewhat proclivous, and the upper premolars 
are much more like the true molars. These two genera are regarded 


by some of the American 
palaeontologists as indicat- 
ing a distinct family — the 
Amynodontidie — and are 
also looked upon as the 
ancestors of the true Rhi- 
noceroses. In the Old 
World there is, however, 
the genus Cadurcotherium 
of the Quercy Phosphorites, 
which may possibly lay 
claim to this position, al- 
though it may indicate a 
lateral branch allied to the 



Toxodontia. Unfortunate- 
ly, only detached teeth are at present known, so that the dental 
formula cannot be determined. The upper true molars (fig. 1238) 
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are Rhinocerotic in structure, l?ut are extremely narrow in a trans- 
verse direction, and the ridges of the lower cheek-teeth are imper- 
fectly crescentoid. Apparently nearly related to the preceding is^ 
Jlomalodontotkerium^ from Tertiary strata of unknown age in Pata* 
gonia ; the dental formula is the typical one, and there is no diastema, 
but the skeleton is unknown. We now come to the consideration 
of those animals which we may t^rm true Rhinoceroses — a group in 
which very diverse views as to the limits of generic terms are pre- 
valent among zoologists and palaeontologists. By soilie writers the 
five existing species are referred to at least three c[istinct genera, 
and if this view be adopted, it will be necessary to make a large 
number of genera for the extinct forms ; the English school, how- 
ever, now generally include all the living species in one genus, and 
from this point of view there seems no good reasons for generically 
separating any of the extinct species, which form a series so inti- 
mately connected that it would be very difficult to define all the 
genera into which they are divided by the American school.^ Using, 
then, the term Rhinoceros in its widest sense, the variations in the 

number of teeth may be expressed by the formula /. C > 

(o-i)’ (o-i), 


Ptn. 

4 3 


the absence of upper canines is a distinctive feature ; 


the upper true molars (fig. 1239) have their crowns relatively wide, 
their transverse ridges well developed, the hinder lobe of the last 



tooth partially aborted, and frequently a more or less distinct but- 
tress at their antero-extemal angle. The teeth represented in fig. 
1239 are the most generalised type; and it is evident that, when more 

p 1 In this and other instances the number of generic divisions which we may be 
disposed to adopt is solely a matter of convenience. From the writer's point of 
view the multiplication of generic terms, which as our knowledge advances must 
boo^e less and less susceptible of exact definition, tends to drown the science in 
a sea of names, which form a gr«at burden to the memory, and thus tend to de- 
stroy the very object of classi&ation. 
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worn, the crown of each molar would carry two isolated fossettes 
surrounded by enamel (fig. 1244). The worn crown-surface is trans- 
versely ridged ; and there is a process projecting from the hinder 
ridge into the middle valley termed the crochet, which is absent in 
some species. The hinder premolars are as complex as the true 
molars ; and the crowns of the cheek-teeth, though varying in 
height, are never very tall, and titeir valleys are always open. In 
the lower chpek -teeth the ridges form complete crescents, with their 
concavity directed inwardly (fig. 1240). 

The \owpT canines are always proclivous. 

The skeleton and skull are very massive, 
this feature being most marked in the more 
specialised species. This genus may be 
divided into several groups, of which the 
Aceratherine is the most generalised. In 
this group there is usually no horn, and 
the nasal bones (fig. 1241) are conse- 
quently small ; cutting-teeth are always 
present, although there is some variation 

in their number, which may be expressed by the formula L \ 



hig. 1240. — the third left low ci 
true molar of Rhinoceros mcgar- 
hinus; Pleistocene. Two-third'i 
natural size. 


C. y In J^. indsivtis (which is the type of the so-called Accra- 

iherium) there are four digits in the manus ; but in many of the 
North American forms (which on this account are separated by 



Fig. 1241. — Cranium of Rhinoceros incisivus . from the Lower Pliocene of Germany. 
One-seventh natural size. (After Kaup.) 


Professor Cope under the name Aphelops^ fig. 1242) the number 
of digits was reduced to three ; and these forms were thus similar 
to some female examples of the existing R, sondaicus^ in which the 
horn is absent. In Europe this group ranges from the Lower Mio- 
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cene to the Lower Pliocene ; it also occurs in the Upper Miocene 
and Pliocene of India, and in the Upper Miocene (or ? Pliocene) 
of North America. In ih^piceraiherifie group {Diceratherium of 



Fig. 1242 — Skull of Rhinoceros megalodus; from the Upper Miocene of Colorado. 
One-t»ixth natural sue. (After Cope.) 


Marsh) there was a transversely-placed pair of small nasal horns ; 

the formula of the cheek-teeth being • it is represented 

in the Lower Miocene of Europe by R, minuiiis^ and by another 
species in North America. At this stage of evolution the genus 
disappeared from the latter country. 

The Rhinocerotine group is characterised by the presence of a 
single well-developed nasal horn,^ and of cutting-teetn in both jaws. 
It is represented at the present day by the Asiatic R, sondaicus and 
R. unicornis (fig, 1243), the upper true molars of the former being 
of the type of those of R. megarkinus (fig. 1239), while those of the 
latter are of the more specialised type of R, antiquitaiis (fig. 1245). 
The ancestor of R. sondaicus is probably to be found in R, sivalensis^ 
of the Pliocene of India ; while R. palmndicus appears to be the 
species from which R, unicornis has sprung. The Ceratorhine 
group, represented by the existing Asiatic R, sumatrensis, and the 
European Lower Pliocene R, Schkiermackeri^ differs from the pre- 
^ding by having two horns, placed one behind the other in the 
median line, but still retains cutting-teeth in both jaws ; the upper 

* The horn of the Rhinoceroses, it should be observed, consists merely of a 
bundle of closely agglomerated bristles, and has no bony attachment to the 
skull. 
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molars in both species being of the type of fig. 1239. This group 
cannot probably be separated from the next, with which it is con- 
nected by R, persicB, of the Pliocene 9^ Maragha in Persia, which 
had lower canines, although apparently allied to R. platyrhinus. 
The most specialised, or Atelodine^ group is represented at the 



P'lg. 1243.— Worn upper dentition of Rhinoceros unicornis . India. Much reduced. 
(After Cuvier.) 


present day by the African R. simus and R. bicornis, in which there 
are two large horns, but no cutting-teeth in either jaw. Of specie.s 
with upper molars of the simpler type of fig. 1239, we may mention 
R, pachygnathus^ of the Lower Pliocene of Greece and the isle of 
Samos, which is closely allied to the African R. bicornis ; R, 
eiruscus (fig. 1244), of the Upper Pliocene of Europe (in which 



Fig. X344 — Palatal view of the cranium of Rhinoceros eiruscus, with the teeth much worn ; 
Upper Pliocene, Italy. One-seventh natuial sue. 


the molars are of a brachydont structure) ; R, deccanensts and R^ 
karnuliensis, of the Pleistocene of Southern India ; and R^ mega- 
rhinus (fig. 1239) and R. kptorhinus^ of the European Pleistocene. 
In the latter there is an ossification of the nasal septum. The 
other members of this group have their upper molars (fig. 1245) of 
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a more complex type ; there being an absence of a buttress at the 
antero-external angle, and the folds of the crown so arranged that 
when more worn than in the figured specimen three islands of 
enamel would be formed on their crowns. These teeth are also 
characterised by their plane of wear being perfectly horizontal, and 
by their relatively tall crowns. An early member of this type is jR. 
platyrkinus, of the Pliocene of Northern India ; from which species 



it is highly probable that both the existing African R, simus^ and 
the Pleistocene R. antiquitatis^ of Northern Asia and Europe, have 
been derived. 

The latter species, of which the skull is represented in fig. 1246 and an 
upper molar in fig. 1245, is sometimes known as the Woolly Rhinoceros, 
since it was covered with a thick coat of woolly hair. The skin was 
devoid of the folds which characterise the large Indian species ; and the 
front horn was ®f very large size. As in some of the Pleistocene species 
the septum of the nares was completely ossified (fig. 1246). This species 
is essentially a northern form, and has nearly the same distribution 
as the Mammoth, although it does not appear to have crossed Behring 
Strait into America. In time this Rhinoceros makes its first appearance 
in the Pleistocene Brick -earths of the Thames valley, and is very common 
in European cave-deposits, and in the tundras of Siberia. Complete 
carcasses, still coverea with the dried fiesh, skin, and hair, have not unfre- 
quently t^en found washed out from the frozen alluvial deposits of these 
tundras on the banks of the Yenesi and Lena ; from which we learn that 
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the food of this animal mainly consisted of the leaves and twigs of juniper 
and other coniferous plants. 

The last representative of this family is the gigantic Elasmo- 
therium {Stereoceros) of the Pleistocene of Siberia, in which the 

dental formula of the adult is /. C. Pm, M, The struc- 

o ^ ^ 3 

ture of the skull and limbs is essentially Rhinocerotic ; and in the 
former the narial septum w'as completely ossified, and the frontals 
have a huge bony protuberance for the support of a large horn 
corresponding to the second one of Rhinoceros aniiquitatis. The 
teeth differ considerably from those of any species of Rhinoceros,^ 



Fig. 1246. — Right lateral aspect of the skull of a young individual of Rhinoceros antiquitatis , 
from the Pleistocene of Sil>ena Reduced. 


and are characterised by their very tall crowms, plicated enamel, 
and smooth plane of wear. Their structure is, however, merely an 
extreme modification of the Rhinocerotic type, to which the nearest 
approach among later forms is made by R- antiquitaiis. There is, 
however, in these teeth a marked resemblance to those of Cadurco- 
therium and Homalodontotherium,^ and it is not improbable that 
Elasmotherium presents the last representative of a stock descended 
from the former genus which has remained altogether apart from 
the true Rhinoceroses. 

Family Lambdotheriid^. — ^With the Lambdotheriidce we enter 
upon the consideration of the first of three extinct families in which 
the cheek-teeth have remarkably short (brachydont) crowns, and 
diverge to a certain extent from the more typical Lophodont fori^. 
The upper true molars (fig. 1247) may be described as consisting 
of four columns, of which the two hindmost are frequently con- 
nected by an oblique transverse ridge; while there may also be a 
more incomplete anterior ridge. When these teeth are worn two 


1372 CLASS MAMMALIA. 

V*shaped surfaces of dentine appear on the crown. This type of 
tooth may be derived from the Lophodont by the more or less 
complete abortion of the middle portions of the transverse ridges. 
The upper premolars are simpler than the true molars, and have 
but a single inner column ; while the lower cheek-teeth are crescen- 
toid, the last true molar usually not having a complete third lobe. 

There was always a diastema in the 
dental series, and the skull was de- 
void of bony protuberances. In 
the present North American family 
the femur has a third trochanter, and 
the feet are of the normal Perisso- 
dactylate type, the manus being pro- 
vided with four, and the pes with 
three digits. This family is repre- 
sented by Falmosyops and Limno- 
therium^ from the Upper Eocene, in 
which there are four premolars, and 
the last lower true molar has a third 
lobe; the canines being large and 
resembling those of the Carnivora. 
Lambdotherium is another form of 
later age ; while in the White-river Miocene of Canada we have 
Haplacodon^ with only two pairs of lower incisors. 

Family Chalicotheriid^. — The second family, or Chalico- 
theriidiE^ is found in both the Old and the New Worlds, and pre- 
sents such a remarkable abnormality in the structure of the feet, 
as to render it for the future quite unsafe to predict the character 
of an animal from a single bone, and to make invalid the old 

maxim ex ungue leonem. In 
the femur the third tro- 
chanter has been lost ; and 
in the feet, while the proxi- 
mal bones retain their normal 
Perissodactylate character, 
the phalangeals have been 
modified to resemble those 
of Edentates, the second 
phalangeal (fig. 1248) hav- 
ing a strongly developed dis- 
tal trochlea for the articula- 
tion of the huge claw fonning the terminal joint. These phalan- 
geals have been described under the names of Macrotherium 
and Afuylctherium^ and were until quite recently, when they were 
found by Dr Filhol in association with the skull and the rest 




Fi^r. 1247.— The third right upper true 
molar of Chalicpthenum sinense ; from 
the Pliocene of China. 
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of the skeleton of ChalicotheriuMy thought to belong to huge 
Edentates. The latter writer has indeed proposed to regard this 
genus as a veritable Edentate, but the resemblance of its denti- 
tion to that of Falaosyops^ coupled with the essentially Perisso- 
dactylate characters of the rest of the skeleton — notably the 
opisthocoelous cervical vertebrae — prevents the acceptation of 
this view, and compels us to regard this strange animal as a 
highly modified and aberrant Ungulate.^ In the type genus 
Chalicotherium^ with which Macrotherium is identical, there were 
variations in the number of the cutting-teeth analogous to those 
obtaining in Rhinoceros^ which may be expressed by th# Formula 

I ^ C, Pm. M. 5 . The type species, which should 

(0-3) I 3 3 

be known as C. giganteum^ occurs typically in the Lower Pliocene 
of Eppelsheim in Hessen-Darmstadt, and also in the Middle Mio- 
cene of Sansan in Gers ; the claws were first described by Cuvier 
under the name of Pangolin gigantesgue^ and were subsequently 
made the type of the genus Macrotherium. Another species, C. 
modicum^ occurs in the Upper Eocene Phosphorites of France, to 
which probably belong some large claws described as those of an 
Edentate. The genus also occurs in the Pliocene of China and 
India ; the species from the latter area having been referred by 
Kaup to a distinct genus Nestoritherium^ on account of the absence 
of the anterior teeth. The phalangeal from the Pliocene of Sind 
represented in fig. 1248 doubtless belongs to a small individual 
of this species, although first described as Manis^ and subsequently 
as Macrotherium. It has likewise been lately recorded from the 
White -river Miocene of Canada and the Loup -Fork beds of 
Kansas. The last low^er molar of Ckalicotherium has no third 
lobe. From the Lower Pliocene of Attica the genus Zeptodon^ 
described on the evidence of a lower jaw with a Chalicotheroid 
dentition, but with a third lobe to the last molar, is probably iden- 
tical with Ancylotheriumy founded upon the evidence of claws from 
the same beds, which are of the same general type as those of the 
so-called Macrotherium. Ancylotherium also occurs in the Lower 
Pliocene of the isle of Samos. Leptodon has been provisionally 
referred by Dr Schlosser to the next family. Moropus, from the 
Loup-Fork of Kansas, and Morotherium^ from the Miocene of the 
United States, which ’were described by Professor Marsh as Eden- 
tates, are probably closely allied to, if not identical with, either 
Chalicotherium or Ancylotherium. Finally, the imperfectly kno\^ 
Brachydiastematotherium^ from the Eocene of Hungary, is probably 

^ Professor Cope has recently proposed to make Chalicotherium the type of a 
distinct order under the name of Ancylopoda. 
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referable to the present family, which is evidently a very ancient 
branch of the suborder, and may, it is suggested, have been 
directly derived from the Condylarthra. 

Family Titanotheriid^. — This extinct family, equivalent to the 
Brontotheriida of Professor Marsh and the Menodontida ^ of several 
other writers, is so closely connected by Dipiacodon with the Lambda- 
theriida^ that Dr Schlosser has proposed to unite the two. In the 
present family at least the fourth upper premolar has two inner 
columns, and is thus as complex as the true molars ; while in those 
forms of which the limbs are known there are four anterior and three 
posterior digits. The third trochanter of the femur is rudimentary. 
Paired bony protuberances may be present in the fronto-nasal region 
of the skull. In Dipiacodon^ of the Eocene of North America, only 
the fourth upper premolar is as complex as the true molar ; the 

canines are as large as in Palcrosyops ; the incisors are small ; 

\0 / 

and the skull has no bony protuberances. 

The type genus Titanotherium^ which Messrs Scott and Osborn 
consider should include Menodus (preoccupied), Megacerops^ Bron- 
totherium^ Diconodon^ and probably Symborodon, is confined to the 



Fig. 1249 lateral a*tpcct of the cranium of Titanctherium cohrad^nse . from the 

Miocene of North America. Greatly reduced. (After Marsh.) 


Miocene of North America, and comprises animals of huge bulk ; 
and it is probable that the forms recently described by Professor 
Marsh under the names of Allops, Brontops (fig. 1250), and Menops 
are not really separable. An entire skeleton is shown in fig. 1250, 
and a cranium in fig. 1249. The number of teeth is subject to a 
variation analogous to that obtaining in Rhinoceros, this variation 

bfing expressed by the formula /. C, \ Pm, 7-!- . M, 

(<>-3) I (3-4) 3 

^ The name Menodw k the earlieut of tho«e applied to these animals, but is in- 
admisatble on account of the earlier application of Menodon to a fossil reptile. 
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The molars and premolars are alike, the incisors are small, and m 
those species with a full dentition there is no diastema , while in the 
t)rpical forms the canines are small. The cranium (fig. 1249) is 
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elongated, with a small brain-cavity, projecting nasals, and a pair of 
stout transversely placed prominences on the fronto-nasal region. 
A form to which the name Daodon has been applied is distinguished 
by the larger canines^ It has been suggested that the American 
Meniscotherium and the European Hyracodontotherium should be 
placed in this family. 

Family Macraucheniid.®. — Here may be placed this remark- 
able family, which presents extremely generalised characters in the 
vertebrae and limb-bones, such as are unknown in any other mem- 
bers of the suborder, on which account some writers think it ought 
not to be included in the Perissodactyla. In the typical Macrau- 
cfienia from the Pleistocene of South America the dentition is 

/ C. Pm, Af. ^ ; the cheek-teeth are Rhinocerotine in 

3143 

structure, the upper molars showing two external V-shaped dentine 
surfaces and two transverse ridges ; while there is only a very small 
diastema in the lower jaw. The cervical vertebras resemble those 
of the Camelidie in the position of their arterial canal. The fibula 
articulates with the calcaneum (as in the Artiodactyla), and there 
are three digits in each foot, of which the lateral ones are of large 
size. The incisors have a deep coronal infolding of the enamel, as 
in the EquidcB; and Dr Hermann Burmeister thinks that the muzzle 
was produced into a short proboscis. The type species is M, pata- 
ckonicha; an allied form from the infra-Pampean beds of Argentina, 
named by Bravard Palaotherium paranense^ is referred by l)r Bur- 
meister to this genus, but has been made the type of a distinct 
genus by Dr Ameghino, under the name of Scaiibrinitherium Bra- 
vardi, M. minuta from the same deposits is made by the latter 
writer the type of Oxydontotherium ; and the name Mesorhinus is 
applied to yet another form from the same area. Here also may be 
noticed Theosodon from the above-mentioned deposits, which is 
placed by Dr Ameghino in this family, although it may he allied to 
HomcUodontofherium^ which is also placed here by that writer. 

Suborder 3. Toxodontia. — This group includes a number of 
very aberrant and generalised Ungulates from the Tertiaries of South 
America, which present affinities to the Perissodactyla, Proboscidea, 
and Rodentia, and consequently render it almost impossible to draw 
up any distinctive diagnosis. 

Family Toxodontid/E. — Nesodon from strata of unknown Ter 

tiaryage in Patagonia has its dental formula / ^, C. Pm, A/. 

# 3 ^ 43 ^ 

the incisors having short crowns, and the true molars a complex 
Rhinoceroid structure, and thus connecting the dentition of Macrau- 
chtnia and Homahdoniotkerium with that of the next genus. The 
small N, (minus was about the size of a Sheep ; but its limb-bones 
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are unknown. In Toxodon, of which the type species is of large 
size and is found in the Pleistocene of Argentina, the dental for- 
mula is I, — , C. — , Pm, M. — . All the teeth (fig. 1251) grow 
r • 3 3 

from persistent pulps ; the lower canines are very minute, the inci- 
sors large, and the crowns of both the latter and of the cheek-teeth 
strongly curved. The structure of the latter is a simplification of 
the plan obtaining in Nesodon. The femur has no third trochanter, 
the fibula articulates with the calcaneum, and the cranium approxi- 
mates in some respects to that of the &iidte. In the typical T. 
platensis the outermost upper incisor is the larger of the two, the 



Fig. 125T.— Oral surfaces of the right upper (a) and bwer(n) dentition of Toxodon Burmeisteri . 
from the Pleistocene of the Argentine Republic. Much reduced, c, The lower canine. 

reverse condition obtaining in T. Burmeisteri (fig. 1251). From the 
infra-Pampean deposits Dr Ameghino has recently described vari- 
ous remains of allied forms under the names of Toxodontoiherium^ 
Haplodoniotherium^ and Dilobodon. A mandible from the Tertiary 
of Monte Hermosa, in Argentina, is characterised by the triangular 
form of the third incisor, and has accordingly been named Trigodon 
by Dr Ameghino. Dr Moreno states, however, that this mandible 
belongs to the same animal as the teeth described as Toxodontother- 
ium and Haplodontotherium ; and he would adopt for their owner 
the name Trigodon as the one which was alone well defined.^ The 
type mandible is peculiar in having only a single median incisor, 
placed on the line of symphysis, but this is probably an individual 
abnormality. Apparently more nearly allied to Nesodon (which Dr 
Ameghino makes the type of a distinct family) are Colpodon and 
Protoxodon ; while other allied remains described by the same writer 
from the Tertiaries of Argentina under the names of Jnteratkerium, 
Toxodontophanes^ and Temboikerium, are referred to two distinjpt 
families. 

Family Typotheriidae. — Perhaps still more remarkable is lypo- 
^ This name is really preoccupied by the earlier Trigonodm and Trigonodus. 
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therium i^Mesotherium) from the infra-Pampean beds of Argentina, 

1023 

in which the' dentition is /. C. Pm, M, ^ The incisors 

gro>v from persistent pulps ; and the structure of the cheek-teeth 
recalls that of Toxodon. The skull (fig. 1252) is of an Ungu- 
late type ; there is a third trochanter to the femur ; and clavicles 



Fig, 1852.— Skull of Typothcrtum i,ristatum , from the infra Pampean of Argentina 
One half natural sire. 

(which are unknown in any other Ungulate) are present. This 
peculiar genus presents characters connecting the VoxodontidcB with 
the Rodents. Allied forms from the infra-Pampean deposits of the 
same region have been described as Protypotherium,, Stenokphanus^ 
and Tomodus ; while Pachyrucus from the later Tertiary of Monte 
Hermosa is a much smaller form with three premolars. 

Suborder 4. Condylarthra. — This group comprises a number 
of very generalised Ungulates mostly from the Eocene of North 
America, which are grouped by Professor Cope, on account of the 
structure of their feet, with the Hyracoidea in a division termed 
Taxeopoda.^ Both the present group and the Hyracoidea are 
cflaracterised by the scaphoid of the carpus being supported by the 
trapezoid and not by the magnum, which carries the lunar ; while 
in the tarsus the cuboid articulates proximally with the calcaneum 

^ Professor Cope would also include the Primates among the Taxeopoda. 
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only. There is but slight mutual interlocking of the carpal and 
tarsal bones ; the structure of these joints being simpler than in the 
other suborders, and resembling those of the Unguiculate orders. 
In the Condylarthra the dental formula is nearly always the typical 
one ; the cheek-teeth are brachydont, and usually bunodont, although 
rarely lophodont. The premolars are simpler than the true molars, 
which may be tritubercular like those of many Carnivora ; the can- 
ines and incisors frequently also recall those of that order. The 
humerus is peculiar among Ungulates in having an entepicondylar 
foramen ; the femur has a third trochanter ; the astragalus, as in the 
Carnivora, presents a uniformly convex distal articular surface ; and 
there is no articular facet for the fibula either on this bone or on 
the calcaneum. The feet usually have five digits, with sharply 
pointed terminal phalangeals ; and the radius and ulna are distinct. 
This suborder may be regarded as containing the ancestral types 
from which the Artiodactyla and Perissodactyla have sprung. It 
further presents such remarkable signs of affinity (especially in the 
structure of the teeth, the form of the astragalus, and the presence 
of the foramen in the humerus) with the Carnivora, that it seems 
highly probable that we may look upon the Condylarthra as a side 
branch from the original ancestral stock of the Carnivora, which is 
most nearly represented by the more primitive Creodonts. 

Family Periptychid^. — In this the most generalised family the 
dentition is bunodont ; the digits are five on each foot ; the astra- 




Fig. 1353.— /Vnr//y(vt*« rk<ihdodm. Right upper (a) and lower (fi) cheek-dentjtion, grinding 
surface ; from the Puerco Eocene of Kei«r Mexico. Two-thirdj> natural size. (After Cope.) 


galus has no trochlea ; and the premolars are very simple. In the 
type genus Feriptyckus^ from the Lowest, or Puerco, Eocene of New 

Mexico, the dental formula is /. - - - , C. \ Pm, J/. and the 

3 143 

incisors and lower canines are small. The typical P* rhabdodon 
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(fig. 1253) is characterised by its vertically grooved premolars. 
Other genera from the North American Eocene are Hexodon^ Ecto- 
amus, Anisonchusy HemithlmuSy HaplocontiSy and Zetodon ; of which 
the fourth may be not separable from the third. From this family 
Dr Schlosser regards the bunodont Artiodactyla as derived, and 
thinks a direct relationship can be traced from Periptychus to Ack^n- 
odoTiy and thus to the other Choeropotafnidce, The humerus is 
short, and much expanded distally. 

Family Phenacodontida;:. — In this family the brain (fig. 1254) 
is characterised by the extremely small size of the hemispheres, 



Fjg. 1254. — Inferior, superior, and left lateral aspects of the brain of Phenacodus primtn>M5 1 
from the Lower Eocene of North America. (After Cope.) 


which are only one-fourth longer than the cerebellum, and thus 
indicate a very low type of organisation. The family is readily 
distinguished from the preceding by having a proximal trochlea to 
the astragalus, by the longer neck, and less simple premolars, which 
are, however, different from those of the following family. The 
type genus Pkenacodus (fig. 1255) includes several species from the 
Puerco and Wasatch Eocene of North America, varying from the 
size of a small terrier to that of a leopard. The dental series com- 
prises the full typical number ; and although the crowns of the upper 
true molars are of a bunodont structure, yet they could be readily 
modified into the lophodont type of Hyracotheriumy and we must 
probably regard the latter as a direct descendant of the present 
genus, with perhaps the intervention of Sys/emodon, Professor 
Riitimeyer has described some upper molars from the Upper 
Bbcene of Switzerland which he refers to PhenacoduSy although 
they are much more of a lophodont type than in the American 
species. 

Professor Cope remarks of one of the species of Pkenacodus that “ the 
size of the animal is about that of a Bull-dog, but the head is smaller. 



Fig 1255 — Slab of rock showing the left 1 iieral aspect of the skeleton of Phenacodus f>rntt^us frem the Lower Eocene of North America 

One se\emh natural sire (After Cope ) 
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and the neck rather shorter and not nearly so robust. The limbs have 
about the same proportions to the body as those of a Bulbdo^, but the 
anterior ones are shorter. The proportions of the parts of the limbs, and 
of the fore and hind limbs to each other, excepting the feel, are much 
as in the Collared Peccary. . . . We can thus imagine the Phenacodus 
Vortmani as an animal of the comparatively slender build of the Bull- 
dog, with a head and neck proportioned more as in the Racoon, and with 
the rump more elevated than the withers, as in th^ Peccary. The feet 
resembled those of a Tapir or Rhinoceros, but had an [additional] pair 
of short toes on each foot, which did not reach the ground. To this add 
a tail much like a Cat’s in proportions, and the picture is complete. In 
diet the animal was omnivorous, the proportions of animal food being 
smaller than the Hogs, for instance, use. The food is more likely to have 
resembled that of the Primates. What means of defence this species had 
is not easily surmised, as the canine teeth and hoofs are not large.” 

The species represented in the accompanying woodcij|t was of larger 
dimensions ; Professor Cope stating that it was intermediate in size be- 
tween a Sheep and a Tapir. Comparing it to an animal with an equally 
long tail, we might perhaps take a Leopard as a fair representative. The 
remarkable length of the tail at once shows a wide difference from all 
existing Ungulates. Professor Cope, from the structure of the bones of 
the nasal region, suggests that the head may have had a short proboscis. 

Other genera from the American Eocene are Protogonia^ Anac- 
odon^ and Diacodexis, The former occurs in the Puerco, and typically 
has but one outer tubercle to the fourth premolar, in place of the 
two of Phenacodus, Professor Riitimeyer refers to this genus teeth 
from the Upper Eocene of Switzerland. 

P AMiLY Meniscotheriid^. — This family is taken to include tw^o 
genera characterised by their lophodont dentition, which are evi- 
dently more specialised than the preceding types. By Dr Schlosser 
they are regarded as allied to the Chalicotheriidcey and there are 
perhaps indications of affinity betw'een the European genus and the 
Hyracoidea, The humerus is longer and less expanded than in the 
Periptychidce^ but the number of the digits is unlcnown. There is 
no marked diastema in the dental series. The typical genus Menis- 
cotherium is from the Wasatch Eocene of New Mexico, and is char- 
acterised by its small incisors, and the presence of two outer lobes to 
the last upper premolar. Teeth from the Swiss Eocene have been 
referred to this genus. In Hyracodontotherium^ from the Upper 
Eocene of France, the upper incisors are large and curved, the first 
being especially enlarged, and closely resembling the corresponding 
tooth of Hyrax ; tbe canine is small, and resembles the third in- 
cisor; while the fourth premolar has but a single outer lobe or 
^bercle. Two species are known by the skull. 

Suborder 5. Hyracoidea. — As mentioned under the head of 
the Condylarthra, the structure of the carpus and tarsus in the 
Hyracoidea is the same as in that suborder, but the terminal phal- 
angeals are truncated, and there is an interlocking articulation be- 
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tween the fibula and astragalus. This suborder is represented solely 
by the family Hyracida^ containing the two existing genera Hyrax 
(fig. 1256) and Dendrohyrax ; both of which are confined to Africa 
and Syria, and are unknown in a fossil condition. The dental 

formula of the adult is L C. Pm, M,~ \ there are four 

10 4 3 

milk-molars ; the incisors grow from persistent pulps, and the pattern 
of the cheek-teeth is of a Rhinocerotic type. The fore-feet have 



Fig. 1256. — Left lateral a'>pect of the skull of Hyrax ca/tnsts. Reduced. 


three, and the hind ones four digits ; and the terminal phalangeals 
(except in the inner digit of the pes) have rounded hoof-like nails. 
The coracoid process of the scapula is well developed ; there is no 
entepicondylar foramen to the humerus ; the femur possesses a small 
third trochanter ; and the tibia and fibula are distinct. 

Suborder 6. Amblypoda. — In this suborder, which comprises 
primitive Ungulates of great bulk from the Eocene of Europe and 
North America, the carpus (fig. 1257, b) is characterised by the 
scaphoid being supported by the trapezoid and not by the magnum, 
while the latter and the unciform support the lunar ; in the tarsus 
the cuboid articulates with both the calcaneum and astragalus. The 
carpus is therefore of a more primitive type than the tarsus. Both 
the carpal and the tarsal bones interlock to a slight extent (fig. 1257,. 
B, c) ; the astragalus is flat (fig. 1257, c) ; the feet are short, plantf- 
grade, and furnished with five digits ; and the fibula articulates with 
the c^caneum. The brain (fig. 1257, a) is very small in propor- 
tion to the cranium. The cheek-dentition (fig. 1258) is of a primi- 
tive lophodont type ; the crowns of all these teeth being very shorty 
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and the upper true molars and the hinder premolars bearing two 
main oblique ridges, which usually form one or two V^s. Upper 
and lower canines are always present. The pelvis (as seen in fig. 
1260) resembles that of the Elephants in the enormous expansion 
and vertical position of the ilia, but is distinguished by the circum- 
stances that the ischia do not enter into the ventral symphysis. 
This suborder is usually divided into three sections ; but a form 



Fig. 1357.— Outline upper aspect of cranium (a), the left manus ( nU and pcs (c)of Corypko- 
donhmnatus; from the Wasatch Eocene of North America, a, one-fifth, u and c, one-tnird 
natural siae. 


recently discovered in the Bridger Eocene of North America, and 
named Elcuhoceros, presents characters connecting the last two, and 
will perhaps render it eventually necessary that they should be 
abolished. Excluding this form, the characters of the three sections 
as follows : — 

i In the first row of carpal bones the one on the right of the figure is the 
cuneiform, the central one the lunar, and that on the left the scaphoid ; in the 
second or lowest row the bone on the right is the unciform, the central one the 
magnum, and the one on the left the trapezoid. 
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Section A. Taligrada. — The astragalus has a head ; there is a 
third trochanter to the femur ; and superior incisors are present 
Family Pantolambdid^e. — The one family of this section is re- 
presented by the genus Pantolambda^ from the Puerco, or Lowest, 
Eocene of New Mexico, which presents the feature, quite unique 



among lophodont Ungulates, of having the upper true molars with 
narrow subtriangular crowns like those of the premolars of Coryph- 
odon (fig. 1258). This is a very important feature, as showing 
the relationship of the dentition of the Ungulata to that of the 
Carnivora ; and also as indicating that those Ungulates which have 
the upper premolars as complex as the true molars, are more special- 
ised than those in which the reverse condition obtains. 

Section B. Coryphodontia. — In this group, which Professor 
Cope terms Pantodonta, the astragalus has no head ; there is a 



Fig. 1*59* — Palatal aspect of the cranium of Coryphodon hamnius, from the W^asatch Eocene 
of New Mexico. Two-ninths natural size, (.\fter Cope.) 


third trochanter to the femur; and upper incisors are present. 
The cranium has no protuberances, and the development of the 
upper canines is not excessive. 


386 


CLASS MAMMALIA. 


Family CoRYPHODONXiDiE. — The upper premolars (fig. 1258) are 
simpler than the true molars, and there are frequently two V-shaped 
ridges on the latter. ' The type genus Coryphodon was originally 
founded by Sir R. Owen upon a lower molar from the London 
Clay ; other teeth were subsequently found in the Lower Eocene of 



the Continent, but it was reserved for the discoveries in the homolo- 
gous strata of North America to indicate the full structure of this 

curious genus. The dentition is Z - , C. Pm. M ^ ; and the 

3 ^ 4 3 

structure of the upper molars, cranium, and feet is exhibited in the 
three accompanying woodcuts (figs. 1257-1259.) Other forms from 
the Eocene of .^JJterica have received the names of Mttalophodon 
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Bathmodon^ Ectacadon, and Manteodon ; but further observations 
are required to show whether all of these are really distinct from 
the type genus. 

Section C. Dinocerata. — The third section of this suborder, 
which Professor Marsh regards as entitled to rank as a distinct sub- 
order, is represented by the now well-known Dinocerata, which are 
exclusively confined to the Upper or Bridger Eocene of North 
America. These animals were ponderous brutes, nearly as bulky 
as an Elephant, to which group they present many curious points of 
resemblance. The skull (figs. 1261-1263) bears several large pro- 
tuberances ; and the upper canines of the males were enormously 
developed (recalling those of the Feline genus Macharodus\ and 
were frequently protected from injury by a descending flange de- 
veloped from the symphysis of the mandible, as is well shown in the 
figure of the skeleton. A peculiar and characteristic feature is the 
total absence of upper incisors ; while another distinctive character 
is the want of a third trochanter to the femur, which thus resembles 
the corresponding bone of the Proboscidea. 

Family Uintatheriidae. — The whole of the members of the 



Fig. I96t.— Left lateral view of the skull of Uiniaiktrium mirabiU ; from the Bndger 
£k)cene of Wyoming. Much reduced. (After Marsh.) 


section may be included in this family — the equivalent of the Ttno- 
ceratida of Professor Marsh. The hinder upper premolars are as 
complex as the true molars, and there is no distinct third lobe to 
the last lower true molar \ while in the hinder cheek-teeth of the 
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upper jaw the two transverse ridges unite on the inner border of 
the crown to form a V ; another V, with its angle directed inwardly, 
occurring in the corresponding lovrer teeth. The least specialised 
genus is Bathyopsis^ of the lower part of the Bridger Eocene, in 
which the lower canine is separated from the incisors, and bites in 
front of the upper canine in the normal manner ; thus connecting 
the more specialised forms with Coryphodon. Another form of 
comparatively small size, distinguished by the absence of nasal 
prominences, is apparently also entitled to generic distinction, and 
has been named Elachoceros, The typical forms, according to 



¥\g. x' 262 ,'-Uiniatheriu 7 M mirabile; from the Bridger Eocene. Reduced, a, Frontal aspect 
of cranium ; b. Left mantis ; c, Left pes In B the middle bone of the top row is the lunar, 
while the oval hone on the left of the second row is the trapezoid. The topmost bone in c is 
the astragalus. (After Marsh.) 

r v 

Messrs Scott and Osborn, may all be grouped under the generic 
name of Utntathenum^ although they have been split up by many 
writers into several genera under the names of Dinoceras, Octoiomus, 
^inoceras^ Eobasileus^ and JLoxolophodon. This genus may be char- 
acterised by the presence of nasal tuberosities (fig. 1261), and by 
the lower canine being approximated to the incisors, which it re- 
sembles in structure. The dental formula is usually /. C. 

'S I 
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Pm. M,- \ but according to Professor Cope the lower incisors 
3 3 

may be wanting. The genus may be divided into a Dinoceratine 
and a Tinoceratine group. The former, which includes Dinoceras 
of Marsh and Octotomus of Cope, comprises the smaller forms from 
the typical Bridger, in which the nasals are not greatly produced, 
and their prominences are comparatively small (figs. 1261, 1262). 
According to Professor Marsh, the base of the upper canine is 
vertical, and the lunar has a small facet for articulation with the 

trapezoid (fig. 1262, b) ; the neck 
/ being comparatively short. In the 
' second group, comprising Tinoceras 


of Marsh, and Eobasileus and Loxo- 



articulating with the lunar, and the neck longer. The species, of 
which the skull is shown in fig. 1262, is remarkable for having the 
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second pair of prominences placed over the orbit, instead of much 
further back, as in fig. i!^6o. 

Writing of the Dinoccrata Professor Marsh observes that “the fossil 
remains of this group hav)| hitherto been found in a single Eocene lake- 
basin of Wyoming, and none are known from any other part of this 
country or from the Old World. These gigantic beasts, which nearly 
equalled the Elephant in size, roamed in great numbers about the borders 
of the ancient tropical lake, in which many of them were entombed. This 
lake-basin, now drained by the Green River, the main tributary of the 
Colorado, slowly filled up with sediment, but remained a lake so long 
that the deposits formed in it, during Eocene time, reached a vertical 
thickness of more than a mile. ... At the present time this ancient 
lake-basin, now 6000 to 8000 feet above the sea, shows evidence of a vast 
erosion, and probably more than one-half of the deposits once left in it 
have been washed away, mainly by the action of the Colorado river. 
What remains forms one of the most picturesque regions in the whole 
West, veritable mauvaises ierreSy or bad lands, where slow denudation 
has carved out cliffs, peaks, and columns of the most fantastic shapes 
and colours. This same action has brought to light the remains of many 
extinct animals, and the bones of the Dinocerata, from their great size, 
naturally first attract the attention of the explorer.” The latter part of 
this description recalls to mind the very similar conditions of the Plio- 
cene Siwalik deposits of Northern India, where the place of the bones of 
Dinocerata is taken by that of Proboscidea. The Professor proceeds to 
mention that the first remains of these wonderful animals were obtained 
by him in the year 1870. 

In respect to their structure the same writer observes that in the 
cranium “ each maxillary bone carried a well-developed process, prob- 
ably of the nature of a horn-core. The nasals support two similar but 
smaller horn-cores ; and the frontals are developed behind into two larger 
bony projections, most probably also of the nature of hom-cores. The 
animal thus possessed three pairs of hom-cores, one carried by the upper 
jaw-bones, one by the nasals, and one by the frontal bones. Whether, 
however, these so-called ‘horn-cores' really supported horns, of the nature 
of the horns of the Cavicorn Ruminants, is quite a matter of conjecture ; 
and there is much probability in the view entertained by Owen — namely, 
that some of them were simply covered by callous integument.” 

As regards the mental powers, Professor Marsh remarks: “The brain- 
cavity of Uintaiherium is perhaps the most remarkable feature in this 
remarkable genus. It proves conclusively that the brain (fig. 1262, a) 
was proportionately smaller than other known mammal, recent or 

fossil, and even less than in some nsfitiles. It is, in fact, the most rep- 
tilian brain in any known mammal. In U. mirabile the entire brain was 
actually so diminutive that it could apparently have been drawn through 
the neural canal of all the presacral vertebrae, and certainly through the 
cervicals and lumbars.” 

Suborder 7. Proboscidea. — The last of the suborders into 
which the Ungulates are divided is that of the Proboscidea, repre- 
sented at the present day solely by the two species of Elephant, 
but in past epochs including a large number of more or less closely 
allied forms. These animals are of huge bulk and stout build, and 
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include the largest known mammals* Thejf present the following 
characteristic features ; those if the soft palts being, of course, only 
known in the existing species. The nosir is produced into a long 
flexible proboscis terminated by the nofetrils (fig. 1264); from which 
feature the name of the suborder is derivelP. The limbs are stout, 
with their segments placed nearly in a vertical line (fig. 1267), and 
the proximal segment the longer. In the second segment the two 
component bones (radius and ulna in the fore, and tibia and fibula 



Fig. 1264. — Skull of the Indian Elephant {Elephas indicus). Greatly reduced. 7*, Tusk-like 
upper incisors ; w, Lower jaw; «, Nostrils, placed at the end of the proboscis. 

in the hind limb) are distinct. In the carpus the scaphoid is 
supported by the trapezoid, bi^ ftibt by the magnum, the latter 
supporting the lunar ; while in to# tarsus the cuboid articulates 
proximally with the distal face of the navicular, but not with the 
astragalus. In both the carpus and tarsus the component bones 
interlock but very slightly ; the type of structure of the tarsus being 
one step in advance of that obtaining in the Condylarthra. The 
feet (fig. 1265) are plantigrade; there are five digits to each foot; 
the astragalus (fig. 1265) is flat ; the femur has no third trochanter ; 
the fibula articulates with the calcaneum ; and the jugal forms the 
middle of the zygomatic arch. The brain is of large size ; canines 
appear to be always absent; while incisors, growing frOm persist- 



1392 


CLASS MAMMALIA. 


ent pulps, are present either in the upper or lower jaws of the 
males of all the forms at present known. The cheek-teeth may attain 
extreme complexity ; and the true molars always consist of transverse 
ridges, which may vary greatly ii height, and may be either uninter- 
rupted, or split up into inner and outer columns, which may have a 

more or less alternate arrangement ; 



IV. 

III. 


there are never fewer than three 
such ridges in the last milk and the 
first true molars ; and the intervening 
valleys may be either entirely open, 
or blocked by accessory tubercles, or 
completely filled with cement. The 
toes are all invested in a common 
integument, although furnished with 
distinct broad hoofs ; and the third 
digit of each foot is the largest. 
There are two anterior venae cavae 
entering the right auricle of the 
heart ; the stomach is simple ; there 
is a large caecum ; the testes are 
permanently retained in the abdo- 
men ; the uterus has two cornua ; 
and the placenta is non-deciduate 
and zonary. 

In the skull and dentition the 
members of this suborder are de- 


Fig. 126^ — Dorsal aspect of the left pes 
of the Indian Elephant (^Elephas tndicus). 
Greatly reduced. (After Cuvier.) The 
numbers indicate the digits 1 he upper- 
most bone is the calcaneum, resting upon 
which is the astragalus, with its flat tibia! 
surface. The bone with a long narrow 
dorsal surface immediately below the astra- 
galus is the navicular ; while the one sup- 
porting the metatarsals of the fourth and 
fifth digits is the cuboid. 


cidedly specialised ; but in other 
respects, such as the structure of 
the limbs, and the presence of two 
venae cavae, they show very gene- 
ralised features ; and there are not 
wanting indications of a remote 
affinity with the Rodents, and per- 


haps the Sirenia. It will be shown 
as we proceed that the structure of the cheek-dentition has ad- 


vanced from a comparatively generalised t)rpe in Dinotherium to 
an extremely specialised one in the existing species of Elephants; 
and it appears that this specialisation “ has followed to a consider- 
able extent a line analogous to that obtaining in the Perissodactyla 
and Artiodactyla, and shows itself in the increased height and com- 
p?*exity of the crowns of these teeth and in the final attainment of a 
nearly horizontal and continuous plane of wear. From the structure 
of the cheek-teeth in the more generalised members of the suborder, 


it may be inferred that the action of the molars of one jaw upon 
those of the other must have been mainly a scissor-like or snapping 
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one, while in the more specialised forms this action has been con- 
verted into a perfect grinding motion/^ ^ 

The pelvis of the Proboscidea is characterised by the vertical 
position and great expansion o£r#ie large ilia, and the very small 
size of the ischia and pubes, both of which enter into the formation 
of the very short symphysis. 

The Proboscidea make their first appearance in the Middle Mio- 
cene (Sansan stage) of Europe ; but we are still unacquainted with 
any form which connects them decidedly with the other suborders 
of the Ungulata, although Dinotherium affords an inkling of how 
such a transition may have taken place. The Mastodons prob- 
ably originated in Europe, from whence they travelled to India, 
and there gave origin to the peculiar Stegodont group of Ele- 
phants, which are the parents of the existing specialised forms. 
From the eastern regions of the Old World it seems probable 
that the higher Elephants travelled back to Europe, while they 
also reached North America in the Pleistocene epoch ; Mastodons 
having arrived in the New World during the preceding Pliocene 
period. 

Family Dinotheriid^. — This family is at present known solely 
by the genus Dinotherium^ of which the remains are found in the 



Fig. 1266.— Skull, and lateral (a) and oral (b) aspects of the first lower true molar of Dino- 
therium gigante-um ; from the Upper Tertiary of Europe. All the figures are reduced ; the 
reduction of b being less than that of a. 


Miocene and Pliocene of Europe and India. The type species is 
D, giganteum (fig. 1266), originally described by Cuvier, upon y:he 
evidence of a molar tooth from the Middle Miocene of the Orlean- 
nais, as a gigantic Tapir, but better known by the cranium and 

^ Quoted fiom the writer’s ‘Catalogue of Fossil Mammalia in the British 
Museum,’ pt. iv., from which other extracts have already been made. 
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jaws obtained by Drs Kaup and KUpstein from the Lower Pliocene 
of Eppelsheim, in Hessen-Darmstadt Dinotherium was an animal 
of the bulk of an Elephant, characterised by the presence of a pair 
of tusk-like, backwardly-curved incisors in the lower jaw, and by 
having in the adult five cheek-teeth, of which the two first are pre- 
molars. The true molars carry simple, low, transverse ridges ; of 
which there are three in the first tooth of the series (fig. 1266, a, b), 
and two in each of the others. The upper premolars differ from, 
the true molars in having their two transverse ridges connected on 
the outer side by a longitudinal ridge, which causes these teeth to 
be of the lophodont type of those of the Tapirs. In the young 
animal there were three milk-molars in each jaw, which resemble 
the true molars in structure ; each of the first two having a pair of 
transverse ridges, while the third has three of these ridges, and thus 
resembles the first true molar. The number of ridges in the 
milk and true molars may therefore be represented by the ciphers 

2.2.2 2.2.2 

Mnu . M. : the import of which we shall notice 

2.2.3 3-2.2 

under the head of the Elephantida. Dinotherium indicum^ from 
the Upper Miocene and the Lower Pliocene of North-western 
India, was probably nearly allied to the European species. 

Familv Elephantid^. — With this family we enter a group of 
animals in which the succession of the cheek-teeth presents such 
marked peculiarities as to require special notice at the outset. In 
the existing members there are normally six of such teeth, which 
increase gradually in size and complexity from the first to the last. 
The last three of these teeth correspond to the true molars of less 
aberrant Ungulates, while the anterior ones represent the last three 
milk-molars of the same. These milk-teeth are not succeeded by 
premolars, but the whole series of teeth is gradually pushed forwards 
in the jaw; the anterior teeth being worn away and their roots 
absorbed before the hinder ones come into use. In consequence 
of this arrangement, and the large absolute size of the teeth, there 
are never more than portions of two cheek-teeth on either side of 
each jaw in use at any one time, as is shown in fig. 1264. The 
cheek-teeth of the existing Elephants will therefore correspond to 
Mm. 2 -f Mm. 3 -i- Mm. 4 + M. i + M. 2 + J/! 3 of the typical series, 
but it is not improbable that in very rare instances Mm. i may also 
be developed. If we had to depend entirely on the evidence of the 
existing forms, there might be some doubt as to the serial homology 
of #he three teeth which we reckon as milk-molars ; but 4his question 
is set at rest by some of the fossil forms, in which these teeth were 
vertically succeeded by small, and usually functionless, premolars. 
The total disappearance of the premolars, and the persistence of 
the milk-molars in the higher forms, is the widest departure from 
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the simple marsupial dentition known in the whole class. In some 
of those fossil forms in which the structure of the cheek-teeth is 
simpler, there may be portions of three such teeth in use at the 
same time. The serial position of individual teeth in any one 
species can be more or less exactly determined by their absolute 
size, and the number of transverse ridges which they carry. In all 
members of the family there are never less than three ridges in the 
fourth milk-molar and the first and second true molars (which are 
often collectively spoken of as the “ intermediate molars ”), while 
the last true molar has one or more ridges in excess of the preced- 
ing tooth. Incisors are always present in the upper jaw of male 
individuals, and may or may not be also developed in the lower 
jaw. In transverse section the dentine of these teeth displays a 
peculiar arrangement of decussating lines, similar to the “engine- 
turning ’’ on the back of a watch-case, by the presence of which true 
ivory can always be recognised. 

The earliest and least specialised genus of this family is Mastodon} 
in which premolars and lower incisors are frequently present, and 



Fig. 1267.— Restoration of the skeleton of Mastodon angustidens. Greatly reduced. 
(After Gaudry.) 


the Upper incisors may have longitudinal bands of enamel. The 
cheek-teeth carry transverse ridges, which may be entire or may be 
divided into distinct inner and outer columns with a more or less 

^ Professor Cope proposes an arrangement of the Elephantidce differing from 
the one generally adopted. Thus the genus Mastodon is split up into Tetrabei- 
odon, in which there are both upper and lower tusks, and the former have an 
enamel -band; dDibelodon^ in which the lower tusks are usually wanting, out 
the upper ones have an enamel-band ; and Mastodon, in which there are no lower 
tusks, and no enamel-band on the upper ones. Elephas is divided into Em men- 
odon, typically represented by Elephas Clifti (apparently the type of Stegodon), 
but also including E, plantfrons, and characterised by the presence of premolars ; 
and Elephas, which is taken to include all the other species. 
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alternate arrangement ; outlying tubercles may be present in the 
intervening valleys, which are frequently entirely devoid of cement, 
and are never completely filled by it. All the “ intermediate ” molars 
usually have the same number of ridges ; this number varying from 
three to five. The ridges are always bisected by a median cleft 
traversing the long axis of the crown ; and the plane of wear of the 
crowns of the teeth is oblique, that of the upper jaw inclining from 



Fig. 1268 . — Mastodon angustidens. The fourth left lower milk-molar; from the 
Lower Siwaliks of India. 


the outer to the inner side, and the reverse obtaining in the lower. 
Three cheek-teeth may be in use at the same time, and the sym- 
physis of the mandible may be greatly elongated. The vertex of 
the cranium (fig. 1267) is usually but slightly elevated, as in the 
majority of Ungulates ; and in the less specialised forms (as may be 
seen by comparing fig. 1267 with fig. 1270) the proportions of the 



Fig. 1269 . — Mastodon an^stidens. Vertical longitudinal section of the first lower true molar ; 
from the Middle Miocene of France. Two-thirds natural size. Enamel; c, Dentine. (After 
Gaudry.) 


eqfire skeleton depart less widely from the same type. The genus 
has been divided into two groups, according to the number of ridges 
in the cheek-teeth. In the fifst Or Trilophodont group, the number 
of complete ridges in each of the three “ intermediate ” molars is 
three (fig. 1268) ; the ridge-formula of the complete series of cheek- 
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teeth being represented by the ciphers Mm. 

It will be noticed that in this section the number of ridges in the 
third and fourth milk-molars and the first true molar is the same as 
in Dinotherium. 

One of the earliest examples of this group is M. angustidens from the 
higher Miocene of both Europe and India, of which two lower cheek- 
teeth are represented in plan and section in figs. 1268 and 1269. The 
simple structure of these teeth is shown in the section, where the valleys 
separating the low, interrupted ridges, are seen to be devoid of cement, 
although partially blocked by outlying tubercles. The imperfect fourth 
ridge at the hinder extremity (right side of figures) of these teeth is 
termed the talon. The mandibular symphysis (fig. 1267) in this species 
was elongated and furnished with a pair of incisors ; while the milk- 
molars were succeeded by premolars. Allied to this species are M, pan- 
dionis of the Upper Miocene and Pliocene of India, and M. pentelici of 



Fig. 1270. — Skeleton of Mastodon amertcanus , from the Pleistocene of Missouri. 
Much reduced. 


the Lower Pliocene of Attica, Hungary, Samos, and Persia. Froniil/. 
angustidens there is but a step to the contemporaneous European M, 
turicensis^ in which the ridges of the molars extend straight across th^r 
crowns, without outlying tubercles in the valleys ; and from this species, 
again, the transition is easy to the Pliocene M, Borsoni of Europe, in 
which the mandibular symphysis has become shortened in conse- 
quence of the absence of lower incisors. A later offshoot from the same 
branch is found in M. americanus (frequently known as M, giganteuSy 
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or ohioHcus) of the Pleistocene of North Amiferi< 4 . Rema^ \>f this 
species" (figs. 1270, 1271) are exceedingly abund^t in the celebrated" 
•* Big-Bone-Lick” of Kentucky, in which re^on tWspecies survived into 
the human peri^. Although the mandibular 
symphysis is short, a single small incisor is 
occasionally found on one side of the jaw ; 
premolars had however disappeared.^ Other 
Trilophodont species are M. HumboldH and 
M, cordillerum (andiufn) of the Pleistocene 
of South America, in both of which the trans- 
verse ridges of the cheek-teeth are broken 
into columns. The former species is distin- 
guished by the short and edentulous sym- 
physis of the mandible. According to Dr 
Falconer, the latter had an elongated mandib- 
ular symphysis and large lower incisors ; but 
Dr Burmeister states that this reference is 
incorrect, and that the symphysis was short 

Fig. ,.71. -Outer view of and tuskkss. 
second left lower true molar of 

M^Mon amcrtcanus. Re- Tetralophodont group the nuiti- 

ber of ridges in the cheek - teeth is 
greater than in the former group, there being usually four in 
the ‘‘ intermediate ” and five in the last true molars ; but there 
may be occasionally five in the former and six in the latter. The 

complete normal ridge-formula is, therefore, Mfn, M, ^ ^ 

2-3-4 4-4-5 

In this group Mastodon arvemensis, from the Upper Pliocene of 
Europe, is characterised by the number of accessory tubercles on the 




Fig. 1272 . — Mastodon aritemensU ; the fourth left upper tnilk-molar ; from the 
Norwich Crag. (After Lyell.) 

# 

crowns of the cheek-teeth (fig. 1272) and the somewhat alternate arrange- 
ment of the inner and outer columns of their transverse ridges, by which 

^ It appears probable that these teeth may occasionally be developed as an 
abnormality. 
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means th# tran^versf valleys become more or less completely blocked. 
Closely allied to this species is Mastodon sivalensis, of the Pliocene of 
Northern India, of which a fttst upper true molar is represented from the 
lateral aspect in fig. 1273 ; in this species there are occasionally five 



Fig. 1273. — Profile view of last upper true molar of Mastodon sivalensis ; from the 
Pliocene of the Biwalik Hills of India. Reduced. 


ndges in the “intermediate” molars, and the last upper true molar (as in 
the figure) may have six ridges and a hind talon ; the blocking of the 
valleys by the alternate arrangement of the inner and outer columns of 
the ridges is well exhibited in the woodcut. Both in this species and M. 
a7V€rnensts the symphysis of the mandible is short and tuskless, as in 

the modern Elephants ; and the 



Fig. 1274. — Left lateral view of the skull of 
Mastodon sivalensis. from the Siwahk Hills of 
India. Greatly reduced. (After Falconer and 
Cautley.) 

been also found in the English Red-Ci 
bular symphysis furnished with a pair 


Siwalik species is further charac- 
terised by the great elevation of 
the vertex of the skull (fig. 1274), 
in which respect it also agrees 
with the last - named group. 
Both these species must be re- 
garded as highly specialised 
forms which have diverged from 
the line connecting the Trilo- 
phodont group with the true 
Elephants. We may here briefly 
mention M, perirnensis and Af. 
punjabiensis of the Indian Plio- 
cene, which show certain charac- 
ters intermediate between the 
two above-mentioned species 
and M, longirostriSy which we 
now proceed to notice. The 
last-named species occurs typi- 
cally in the Lower Pliocene 
bone -sand of Eppelsheim in 
Hessen - Darmstadt, but has 
ag. It has an elongated mandi- 
of short incisors (fig. 1275), and 
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the ridges of the cheek-teeth (fig. 1276) are nearly straight, and the in- 
tervening valleys only partially blocked by tubercles. The latter wood- 
cut shows the progressive increase in the number of ridges of the milk- 
molars of the present group ; the first and second true molars, which 



Fig. 1275. — Left lateral view of the imperfect skull of Mastodon lon^irostris . from the 
Bone'i>and of Hessen-Darmstadt. Much reduced. (After Kaup.) 


would follow the fourth milk-molar (the right-hand tooth in the figure), 
each have the same number of ndges as the latter. M. Cauileyi^ of the 
Pliocene of Western India, is a form connecting the last species with M. 
latidens. The latter is very widely distributed, ranging in the Pliocene 



from India and Burma to Borneo ; the symphysis of the mandible is 
short ; the molars (fig. 1277) are very wide, with their ridges 
straight and uninterrupted \ and these teeth pass so complete^ ihtdih<5 
type of those of the least specialised species of Elephas as 
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that there is really no distinction between that genus and Mastodon^ 
although the retention of the latter term for the more generalised forms 
of what would be otherwise a very unwieldy genus is convenient. 



Fig. 1277.— Crown surface of the third left upper true molar of Mc^todon lattdens ; 
from the Pliocene of Borneo. Two-thirds natural size. 


With the above-mentioned proviso as to its apparent passage into 
Mastodon we may note the chief features of the existing genus Elephas, 



Fig. 1278. — Palatal view of the mandible of the Indian Elephant {Elephas indicus). Gretuly 
reduced. The hinder portion of the penultimate and the anterior half of the last true molai 
in UM/ 


f incisors (tusks) are invariably wanting ; the enamel on 

tfep incisors merely forms a small cap at their extremities ; 
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premolars are nearly always absent ; while the mandibular symphysis 
is never produced into a long rostrum, but usually terminates in a 
short spout-like channel, as in fig. 1278. The ridges of the true 
molars extend straight across their crowns, and generally show no 
sign of division into inner and outer columns ; there is always a 
certain quantity of cement in the valleys between the ridges ; and in 
those species in which these ridges become developed into tall thin 
plates, the cement forms equally tall laminae filling the intervening 
spaces. In the least specialised forms the number of the ridges in 
the intermediate ” molars may be as low as five ; while those in 
the last true molar may vary from seven in the least specialised to 
upwards of twenty-four in the most specialised species. Finally, it 
is only in a few of the more generalised species that the ‘‘ interme- 
diate ” molars have an isomerous ridge-formula. 

Like the Mastodons, this genus is divided into two groups, 
according to the structure of the teeth. In the first, or Stegodont, 
group, which is entirely confined to the Eastern parts of the Old 
AVorld, the number of ridges in the cheek-teeth is comparatively 
low, and there may be only five or six of such ridges in the inter- 
mediate,” and from seven to eleven in the last upper true molars. 

The structure of the molars of Elephas from the Pliocene of 

India, Burma, and Japan, which is the most generalised species of the 



Fig- 1379 . — Ehpkas Cii/ii. The first left upper true molar ; from Burma. 
One-half natural size. (After Clift.) 


• 

genus, is shown in fig. 1279 ; where it will be seen that the ridges are low 
and roof-like, and that the cement is confined to the bottom of the inter- 
vening valleys. The molars of this species (in which premolars were 
developed), it will be seen, are but one step in advance of those of the 
Tetralophodont Mastodons. In other species of this group^ like E, in- 
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signis^ the ridges of the molars (fig. 1280^) become more numerous, and 
somewhat higher ; while the intervening valleys are more or less com- 
pletely filled with cement. The number of ridges in the cheek-teeth 

of this species may be represented by the formula Mm. ^7^^’ 

M, \ l i 9 p U ) Allied species are E. bombifrons and E. 

(7-10). (8-12). (9~i3) ^ 

ganesa^ which are found in the Pliocene of India and the countries to the 
eastward as far as Japan. 


In the second, or Elephantine^ group, the specialisation of the 
molars becomes greater ; in all the species the ridges are so tall 
that they assume the appearance of plates, but there is great varia- 





Fig. 1280 . — Elephas insignia. Vertical and longitudinal section of the third left upper true 
molar; from the Pliocene of the Siwahk Hills. One-third natural size, a, Cement; Enamel ; 
c, Dentine. (After Falconer and Cautley.) 


tion in respect to their height and number ; those of the less special- 
ised forms not being more numerous than in E. insignis. The 
cement always completely fills the interspaces between the ridges, 
and in the higher forms these interspaces are extremely narrow. 

One of the least specialised members of this group is Elephas plani- 
frons, from the Pliocene of Northern India, of which the section of an 
upper molar is represented in fig, 1281. In the teeth of this species the 
number of the ridges is nearly the same as in E. insigms j but, as will 
be seen from the figure, the ridges have become much taller and thinner, 
and the valleys are completely filled up with cement. It results from this 
structure that when the crown of the tooth has become well worn (as in 
the anterior half of fig. 1282), its grinding aspect will present a nearly flat 
surface marked by a series of transversely elongated raised disks of 
enamel, each enclosing an islet of dentine. This structure, which is still 
better exemplified in the more-worn molar of the closely allied E. meri- 
dionalis (fig. 1283), of the Upper Pliocene of Tuscany and the Norfolk 
“Forest-bed,” is admirably adapted for the attrition of vegetable matter 
owing to the inequalities produced on the surface, due to the variation in 

1 In this figure, as well as in fig. 1281, the tooth is turned the wrong way 
upwards, , 
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the density of the different layers of which the tooth is composed. The 
enamel-disks of both the species under consideration are, when partially 
worn, generally expanded in the middle, and are often interrupted in 
their course across the crown ; in the European species the enamel itself 
being thrown into a series of fine plications, or crenulations. Both £. 
meridionalis and E. planifrons attained gigantic dimensions, the height 



Fig. 1281 . — EUphas planifrons. Vertical and longitudinal section of the second upper true 
molar ; from the Pliocene of the Siwalik Hills. One-third natural size. Letters as in fig. 1280. 
(After Falconer and Cautley.) 


of some individuals of the former being estimated at upwards of fifteen 
feet, while a fair average height of males of the existing Indian species is 
not greater than nine feet. E. planifrons is remarkable as being the 
only member of the Elephantine group in which premolars were devel- 
oped. Somewhat more specialised, both in regard to the height and 
number of the ridges of the cheek-teeth, and also in the elevation of the 
vertex of the cranium, is E. kysudricus^ of the Pliocene Siwaliks of India, 
which may perhaps have been the ancestor of the existing species of 



Fig. 1282.— <irinding surface of upper molar of EUphas planifrons^ one-third natural size ; 
from the Pliocene of India. (After Falconer and Cautley.) 


that country. In .E. antiquns,^ of the Pleistocene of Europe, we have 
a species with the ridges of the cheek-teeth somewhat more numerous 
than in the last form, although less so than in E. primigenius ; their 

(2-3)j:.t5-7i: (3-i i) 

3 .(6-"8).(9-n 


number being represented by the formula Mm, 

(9 -12) .(12-13). (15-20) 

(u-12) . (12-13) • (16-21)' 
tively narrow, and there is very generally (especially in the lower jaw) 


The molars (fig. 1284) are usually rela- 
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median expansion of the worn enamel-disks of the ridges, which thus 
approach a lozenge-shape. The range of this species in England does 
not extend northwards of Yorkshire, and it goes as far south as Algeria, 



Fig. 1283. — Upper molar of EUphas meridtonalis, one-third natural size ; from the 
Upper Pliocene of Tuscany. 1 


where the allied E. atlanticus is also found. From the molars of E, 
a 7 itiquus there is but a step to those of the existing African Elephant 
(fig. 1285), in which the enamel-disks assume a still more decided lozenge- 



Fig. 1284. — The second right lower true molar of Elephas antiguus; from the Pleistocene 
of England. One-third natural size. 

shape ; and the small E. innaidriensis and E, melitensis^ of the Pleisto- 
cene cavern and fissure-deposits of the Maltese and neighbouring islands, 
are more or less closely allied forms. The height of the smallest indi- 



Fig. 1285.— A right upper true molar of Elephas africanus : Recent. Africa. 
One-third natural size. 


viduals of the last-named, or “ Pigmy Elephant,” is estimated as jiot 
greater than three feet. Another peculiar Elephant is E, namadicus, 
from the Pleistocene of the Narbada Valley, in Western India, and Japan, 


1 The hinder part of this tooth is to the left ; the position of the preceding 
figure being the reverse. 
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is < 4 oiely allied in dental characters to E, antiquus^ although distin- 
gttiaii# by a very proininent overhanging ridge on the frontals. Here 
also mention E, Columbia of the Pleistocene of Central and 
Ncitli, Ainetii;;^, and E. armeniacus from Armenia ; the former being 
infierili^iate in the structure of its teeth between E. antiquus and E. indt- 
0 ts^ the latter between E,primigmius and E, indicus. It is, however, 
itotlniprobable Ihat E. Columbi is only a variety of the Mammoth. Lastly, 



jaS6.— A half-worn third ^ upper true molar of the Mamnjoth {Eleffhas primigenius\ 
viewed from the gnnding from tht Pleistocene of Europe. One- third natural size 


we liJW the Mammottf (^. primigenius\ in which the number of ridges 
in molars is represented by the high figures Mm, ) 2 )’ 

M, ^ « The incisors are usually long, spiral, and 

(9-15). (i 4 ~i 6 ). (18-27) 61 p , 

not very thick near the alveolus ; they are, however, subject to great 
variation. The molars (fig. 1286) are relatively wide in proportion to 

their length ; their ridges are narrow 
and closely packed, with the cement, 
enamel, and dentine very thin ; the 
plication of the enamel is usually 
slight ; the worn dentine -disks are 
very narrow ; and the crown is usually 
charactensed by the extreme flatness 
of its wear. Variations are common, 
and those molars in which the ridges 
are thicker and less numerous, and 
the enamel is more plicated, approach 
very closely to certain examples of 
E, antiquus, Ihe existing Indian 
species presents a close approach in 
dental and skeletal structure, but the 
molars are decidedly of a less special- 
ised type, and thereby indicate that 
the living species is not a descendant 
of the Mammoth.” This animal was 
Fig. H87.-L.t.ral view of » haif-wom Covered with a thick woolly coat, and 
upi»r tme molar of the Mammoth. About also with an outer covenng of long 
one-third nirttiirai size. hair, by which means it was protected 

from the climatal rigours of the north- 
erly regions over which it once roamed. Remains of the Mammoth have 
been found in Northern Europe, Asia, and America ; and in the frozen 
soil of the banks of the Sibenan rivers numerous carcasses have been 
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found with the dried flesh, skin, and hair preserved ; the "skeleton ^ 
one of these specimens, with portions of the skin still adhering it, 
being preserved in the Museum at St Petersburg (fig. 1288), \ The 
Mammoth was essentially northern in its distribution, aj^parently -pot 
passing southwards of a line drawn through the Pyrenees, Alp^ Ihe 



northern shores of the Caspian, Lake Baikal, Kamschatka, and the 
Stanovi Mountains. Its remains occur in the Norfolk ‘^Forest-bed,” 
and from this date the species existed right through the glacial epoch, 
and was well known to the primitive human inhabitants of Northern 
Europe, as is testified by its portrait drawn on a fragment of its own 
tusk by one of these early hunters. 
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Finally, it should be mentioned that a portion of a tusk of a 
Proboscidean, said to have been obtained from the Pleistocene of 
Australia, has been described as Notelephas. There are, however, 
no characters in this specimen to indicate its right to generic dis- 
tinction, and its reputed origin must be looked upon with great 
suspicion. 

Group Tillodontia. — Here may be noticed a remarkable group 
of Mammals from the Lower Eocene, of which the position is still 
unsettled. They are regarded by Professor Marsh as constituting a 
distinct order; while Professor Cope subdivides them into Tillo- 
dontia and Taeniodontia, and includes them in his order Buno- 
theria. A suggestion has also been made of affinity with the Eden- 
tates. These Mammals, as will be gathered from the characters 
mentioned below, present certain characters common to the Ungu- 
lata, Rodentia, and Carnivora, but to include them in either one of 
those orders would render it impossible to give anything approach- 
ing to a definition of the order so enriched. Putting aside the 
suggestion of Edentate affinities as requiring further evidence, the 
characters presented by the Tillodonts harmonise with the view 
that both the Ungulates and Rodents have been derived from a 
primitive Carnivorous stock. 

Family Anchippodontid^e. — The genus Anchippodus (^Trogosus\ 
with which Tillotherium (fig. 1289) is closely allied or identical, is 



l^ig, 1089.— Left lateral aspect of the skull of Tillotherium fodiens; from the Lower Eocene 
of North Ainerica. One-fourth natural size. (After Marsh.) 


from the Lower Eocene of North America, and apparently has the 
dental formula /, - , C. Pm. -, M, - . The lower cheek-teeth 

21 43 


ORDER UNGULATA. 


1409 


resemble those of Palaotkerium^ but the upper true molars are of 
the triangular tritubercular type. The first pair of incisors is 
small, but the second is large and scalpriform, with persistent 
pulps like the incisors of the Rodents. In many respects the 
skeleton approximates to that of the Creodonta ; the femur has a 
third trochanter ; the feet were five-toed, with the whole sole applied 
to the ground, and having ungual phalanges similar to those of the 
Bears. The brain-cavity is of small size, and the cerebral hemi-- 
spheres did not extend over the cerebellum or the olfactory lobes. 
The orbits are not complete, but open into the temporal fossae. 
Clavicles were probably present. 

Family Platychceropid^. — The type genus of this family is 
PlatychcBrops {Miolophus\ from the London Clay, to which the 




Fig. 1290 — Rsthonyx Bnrtneisteri . — The palate and mandible; from the Wasatch Eocene of 
Wyoming, U.S.A. Two-thirds> natural si/e. Lateral view of part of cranium and mandible; 
Oral view of right half of palate ; Oral view of mandible. (After Cope.) 

North American Esthonyx (fig. 1290) appears to be allied. Iti the 
latter the first upper and the second lower incisors are scalpriform, 
but do not grow from persistent pulps ; the dental formula is 

I. C. Pm. If Eithonyx be not allied to Plaiychx- 

31 3 3 

rops, the former must constitute the type of a family, which should 
be known as the Estkonyckida, The genus Psittacothenum^ of 
which the family position is uncertain, has the mandible of great 
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depth, and the lower molars with transverse ridges ; both the first 
and second lower incisors being scalpriform, and growing from 
persistent pulps ; and the genus may be regarded as connecting 
Anchippodus with Calatnodon. The lower dental formula appears 
to be Z 2, (7. I, Pm, 3, JZ 3 ; and two species are known from 
the Puerco, or lowest, Eocene of New Mexico. 

Family Calamodontid^e. — In Calamodon^ the type genus of 
this family (the Taeniodontia of Professor Cope), the lower jaw 
resembles that of Psitiacotherium ; there are three lower incisors, 
of which the second and third are scalpriform, and have their 
anterior surfaces faced with enamel ; and the cheek-teeth are five 
in number, but cannot be differentiated into premolars and true 
molars. There is no diastema, and the cheek-teeth approximate 
to those of the Rodents in their massive squared crowns, and have 
also been considered to show resemblances to those of the Eden- 
tates. The second lower incisor is much larger than either of the 
others, and the mandibular condyle is transversely elongated. Pro- 
fessor Cope, as will be noticed below, regards this group, and more 
especially Psitiacotherium^ as close to the ancestral types of the 
Rodentia, and has also suggested their alliance to the ancestors 
of the Edentates ; Calamodon is from the Wasatch or Middle 
Eocene. 

Family Stylinodontid^e. — Professor Marsh has proposed this 
family name for the North American Tertiary genus Stylinodon, 
in which the molars grew from persistent pulps like those of the 
Edentates. 
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CLASS M A M M A L I A — continued. 

Orders Rodentia and Carnivora. 

Order VIL Rodentia. — The Rodents form one of the best-defined 
orders of the whole class, and are readily characterised by the ab- 
sence of canines, and their chisel-like (scalpriform) incisors (of 
which there is only a single lower pair), separated by a long 
diastema from the cheek-teeth (fig. 1298), and of which generally 
only the anterior face is coated with enamel. The dentition is 
diphyodont and heterodont ; the incisors grow from persistent 
pulps, and the cheek-teeth may be either rooted or rootless. The 
crowns of the latter are entirely adapted for grinding, and are very 
frequently (fig. 1292) complicated by deep infoldings of enamel. 

The premolars are very generally either or and the true molars 

-2 

- . The premaxillae are large ; the zygomatic arch is complete, the 
3 

middle portion being generally formed by the jugal ; the orbit is 
confluent with the temporal fossa ; there is a long diastema ; and 
the condyle of the mandible is antero-posteriorly elongated, and, 
through the absence of a postglenoid process in the cranium, 
capable of a backwards and forwards motion. The feet are 
generally partially or entirely plantigrade, and usually furnished 
with five unguiculate digits. More or less complete clavicles are 
present, and the acromion of the scapula frequently has a long 
recurving process. All the existing forms are of comparatively 
small size, and most of them are of terrestrial habits. The feature 
of hypsodontism, which we have already noticed under the head of 
the Ungulata, attains its greatest development in this order ; its final 
5tage being the production of rootless cheek-teeth. 

That the Rodents are connected in some manner with the more 
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generalised Ungulates is quite evident ; and Professor Cope would 
derive them from Tillodontia, allied to Calamodon and Psittaco- 
therium^ and accordingly considers that their lower incisors and the 
corresponding upper ones represent the second of the three typical 
pairs. This view is, however, not supported by the dentition of 
the young of the Leporidcc. The Leporidm show certain points of 
resemblance to Typotherium among the Toxodontia ; while in the 
entire order distant affinities are indicated to the Proboscidea, as is 
shown by the characters of the teeth, the acromion of the scapula, 
and the position of the jugal. ^ 

This order is well known from the period of the Upper Eocene 
(Oligocene), while Decticadapis apparently carries it back to the 
commencement of the Tertiary. It has not suffered very greatly 
by the extinction of family types at the present day, although all 
the gigantic forms have completely disappeared. 

Suborder i. Duplicidentata. — This suborder is characterised 

by the number of the incisors, which in the adult are - , but at birth 
The outer pair of upper incisors is very soon lost, the second 

I 

pair being of small size, and placed directly behind the large first 
pair. The incisive palatal foramina are large and confluent ; the 
fibula is anchylosed to the tibia, and articulates with the calcaneum. 
The enamel-coat of the incisors is not entirely confined to their 
anterior surface. 

Family Leporid^e. — In this family the number of cheek-teeth is 

Pm, \ \ these teeth being rootless, with transverse enamel- 

2 3 

folds. The clavicles are imperfect, and the fore limbs shorter than 
the hind ones. This family includes at the present day only the 
cosmopolitan genus Lepus,, comprising the Hares and Rabbits, 
Existing species of that genus have left their remains in the caves 
of Europe and Brazil ; while extinct ones are found in the Upper 
Pliocene of France (Z. Lacosti\ in the Siwaliks of India, and in the 
John Day Miocene of North America. Palceolagus from the Mio- 
cene of the latter country is closely allied to Lepus ; while Panolax 
from equivalent strata in New Mexico has only a single plate in the 
first upper true molar. 

^ The Rodents differ from the Proboscidea in having a discoidal in place of a 
zonary placenta; but it has recently been found that in the Mouse there are 
traces orthis discoidal placenta having been derived from an earlier zonary one. 
The zonary placenta of the Proboscidea is evidently a specialisation of the diffused 
placenta of the other Ungulates; and we can now see how a further specialisation 
of the zonary placenta results in the discoidal one of the Rodents, Insectivores, 
and Primates. 
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Family LAGOMViDiE. — This family includes very small Hare-like 
Rodents, with short ears, complete clavicles, and the fore limbs not 
shorter than the hinder. They are very char- 
acteristic of the mountains of Central and 
Northern Asia, but also occur in those of 
Europe and North America. Their cheek- 
teeth resemble those of Lepus^ but the pre- 

Fig. 1201. —Left ramus of 

molars are never more than and may be 

j 2 from the Lower Miocene ot 

reduced to _. Those extinct forms in which 
^ 2 

the premolars are - have been separated from the existing genus 
Lagomys as Myolagus^ and those with only Pm. i as Titanomys^ but 

I 

it appears preferable to include all these variations in the type genus. 
The Pleistocene of Europe contains remains of some existing and 
some extinct (Z. sardus) species, and the genus is well represented 
in the Tertiaries of the Continent as far down as the Lower Miocene 
(Upper Oligocene); the species of the latter horizon being Z. viseno- 
viensis (fig. 1291), the type of Titanomys. Fossil remains of this 
genus have also been found in the Pleistocene cave-deposits of Port 
Kennedy in the United States. 

Suborder 2. Simplicidentata. — The incisors are always and 

I 

have the enamel confined to their anterior surface. The incisive 
foramina on the palate are of moderate size ; and the fibula does 
not articulate with the calcaneum. 

Family CAViiDiE. — This and the following five families compose 
the section Hystricomorpha. The Caviidce.^ which are now exclu- 
sively confined to America, have four anterior and three posterior 
digits, and in the existing genera the crowns of the molars are 
divided by enamel-folds into transverse lobes ; the number of 

the cheek-teeth being Pm. M. Cavia^ in which the tail is 

absent, is represented by remains of several existing species in the 
Pleistocene of the Brazilian caves ; while Contracavia is a much 
larger extinct type from the infra-Pampean of South America. 
Microcavia.^ again, from the Pleistocene of Argentina, presents char- 
acters connecting it with Cavia and the following genus. Dolichotis 
(or Cerodon\ in which there is a short tail, is also represented in tke 
South American Pleistocene ; two species being extinct, while the 
third (Z>. antiqud) may be identical with the living form. Here 
may be provisionally placed the genera Issiodoromys and Nesocerodon 
from the Quercy Phosphorites and Lower Miocene of France, which 
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are regarded by recent authorities as related to DoUchotis^ although 
formerly placed in the Theridomyidm, The crowns of their molars 
are vertically divided by enamel-folds into two heart-shaped lobes. 
Hydrockochoerus — the largest living Rodent — is represented in the 
Brazilian cave-deposits by a species probably identical with the 
living Capybara, and also in the Pleistocene of Buenos Ayres by an 
extinct one estimated to have attained a length of five feet, and by 
a third {H. magnus) of still larger dimensions. An extinct species 
has also been obtained from the Pleistocene of South Carolina ; 
and another from the infra-Pampean deposits of Parana. From the 
latter deposits other forms supposed to be more or less nearly 
allied to the existing genus have received the names Cardiatherium^ 
Procardiatherium^ Cardiomys, and Cardiodon ; the latter name had, 
however, been previously applied to a Sauropodous Dinosaur,^ and 
is therefore inadmissible. 

Family DASYPROCXiDi^:. — In this South and Central American 


family the number of the cheek-teeth is the same as in the last ; 



and these teeth are also semi- 
rooted, but their crowns have 
external and internal enamel- 
folds (fig. 1292); and the in- 
cisors are long. The type 
genus Dasyprocta is repre- 
sented by numerous forms in 
the Pleistocene of the Brazilian 
caves j while a Calogenys oc- 



curring in the same deposits 
is probably identical with the 
living Paca {C. pacd). 

Family Chinchillid^. — 
This third family of American 
Rodents has the same dental 


Fig. I392.-Palatal view of the right upper and formula aS the last, but the 
lower dentition of Dasj'practa, Recent. America. ’ 

ITie tooth in ea^h jaw on the right side of the figure molatS have COntinUOUS en- 

1% the premolar. amcl - folds extending com- 

pletely across their crowns, and the hind limbs are much elongated. 
The genus Lagostomus is represented in the South American Pleisto- 
cene by the existing Vischaca (Z. irichodactylus\ as well as by some 
extinct forms. Megamys from the infra-Pampean deposits of Pata- 
gonia and Parana is the largest representative of the order yet 
known ; its bulk being estimated as equal to that of an Ox. Several 
species have been described, one of which is the type of Fota- 
marchus of Dr Burmeister. Allied genera from the South American 


^ See page 1177. 
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deposits are Epiblema and Tetrastylus ; one species of the latter 
having been originally referred to TAeridomys, 

Family HvsTRiciDiE. — The Porcupines are well characterised by 
their spiny covering. The number of their cheek-teeth is the same 
as in the preceding families ; and these teeth have both external 
and internal enamel-folds. An extinct species of the American 
genus Syncetheres occurs in the Pleistocene of the Brazilian caves, 
while a species of the other American genus Erithizon is recorded 
from cave-deposits in Pennsylvania. Atherura is found in the 
Pleistocene of Southern India. Hystrix occurs in the Pleistocene 
and Pliocene of India; in Europe from the Upper Pliocene of the Val 
d’Arno down to the Middle Miocene, and perhaps to the Quercy 
Phosphorites ; while in North America it is represented both in the 
Pliocene and the White River Miocene. Finally, Mylagaulus from 
the Miocene of the United States may be allied either to Hystrix or 
Dasyprocta (Agouti). 

Family Castoroidid^e. — The gigantic Castoroides^ of the Pleis- 
tocene of the United States, is now generally regarded as entitled to 
represent a distinct family although originally placed in the Cas- 
toridce. Although presenting certain cranial features recalling Castor^ 
its dentition comes nearest to that of Chinchilla and Hydrochcsrus, 
The extinct genera Loxomylus and Amblyrhiza^ from the Pleistocene 
of the Antilles, may probably be included in the same family ; their 
dentition presenting many resemblances to that of Chinchilla, Cas- 
toroides must have attained the dimensions of a Bear. 

Family Octodontid^. — With the exception of Ctenodactylus the 
number of the cheek-teeth in this Ethiopian and South American 
family^ is the same as in the Hystriddce; these teeth having both ex- 
ternal and internal enamel-folds, with either imperfect or perfect roots. 
In the South American Pleistocene we meet with existing and a few 
extinct species of the genus Carterodon^ which is characterised by 
the broad and grooved incisors, and also of Myopotamus (Coypu), 
Echinomys, Loncheres^ Ehyllomys, and Ctenomys. Other forms from 
the South American Tertiaries allied to the latter have been named 
Phloramys and Pithanotomys ; while Morenia and Orthomys^ from 
the infra-Pampean beds of Parana, and Tribodon^ from Monte Her- 
mosa, are regarded as related to Myopotamus, The extinct Pelle- 
grinia^ from the Sicilian Pleistocene, may be allied both to the 
Ethiopian Ctenodactylus and the American Octodon, 

Family Theridomyid^. — This extinct family appears to be most 
nearly related to the preceding although connected by Archceomys 

I 3 

with the ChinchillidcB, The cheek-teeth number i’w. In 

1 One species of Echinomys occurs in Central America. 
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Theridomys (fig. 1293, b) they are rooted, and have three or 
four re-entering enamel-folds, which form isolated disks on the 

worn crowns. This genus occurs 




in the Lower Miocene and Upper 
Eocene of Europe; while Syl- 
lophodus of the North American 
Miocene is closely allied. Frot- 
echinomys of the Lower Miocene 
and Upper Eocene of France has 
rooted cheek-teeth with crowns 
very like those of Theridomys 
and the living Echinomys {Octo- 
dontida ) ; while Archceomys of 
the same deposits has the teeth 


Fig. 1293. — A, Left lower cheek-teeth of 
A rchipomys ; b, Left upper cheek - teeth of 
Theridomys ; c, Left lower cheek-teeth of 
Chadicomys. A and b enlarged. In b the 
uppermost, and in a and c the lowest, tooth is 
the premolar. 


devoid of roots, with their en- 
amel-folds continuing across the 
crown, and dividing it into 
laminae (fig. 1 293, a). Trechomys 


is a fourth allied genus from the 


Quercy Phosphorites, having cheek-teeth somewhat like those of 
Theridomys^ but with laterally-compressed crowns. 

Family DiPOOiDiE. — This and the four following families are 
embraced in the section Myomorpha. In the Dipodidce (Jerboas) 


remains of the existing Alcutaga jaculus occur in the Pleistocene of 
Europe, and those of Zapits {Jaculus) hudsonianus in the correspond- 
ing beds of North America ; while a species of Platycercomys has 
been recorded from the Pleistocene of Northern Asia. The so-called 


Dipoides of the Tertiary of Wiirtemberg is probably a Chalicomys. 
Family GEOMYiDi«. — The American Pouched-Rats, in which the 


I 3 

cheek-teeth are Pm. - , J/. are represented by species of the type 
^ 3 

genus Geomys in the Pleistocene and Pliocene of North America, 
and also by one existing species of Thomomys in the Pliocene of 
Oregon. In the Miocene of the United States two extinct genera 
are also met with, of which Entoptychus is allied to Thomomys^ and 
has rootless molars and broad incisors ; while Pleurolichus has rooted 
molars and the incisors without grooves, like those of the allied 
existing genus Heteromys. 

Family SPALACiDiC. — This Old World family comprises burrow- 
ing Rodents, with large incisors, and rooted molars having re-enter- 
ifig enamel-folds. The only fossil representative is a Rhizomys^ 
from the Siwalik Hills of India, which appears to be closely allied 
to the living forms ; all of which are characterised by the absence of 
premolars. 

Family MuRiDiG. — The Muridce form by far the largest family 
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of the order, and are mainly characterised by certain peculiar features 
of the skull. With the exception of Sminthus, premolars are want- 
ing ; and the true molars, except in the Australian Hydromys and 

Xeromys, where they are reduced to are - in number ; while 

the lower incisors are laterally compressed. The molars may be 
rooted or rootless, and either brachydont and tuberculate, or hypso- 
dont with re-entering enamel-folds. This family may be divided 
into several subfamilies. Of these the Cricetin(B have the cusps of 
the upper molars arranged in two longitudinal series ; these teeth 
being either rooted or rootless. This subfamily, which is now the 
dominant one in America, but was formerly largely developed in 
the Old World, where it is still found, appears to represent the 
archaic or generalised type of the family. In the Voles, or the 
more specialised Cricetines, the cusps of the molars have become 
modified into triangular prisms alternately arranged (fig. 1294), and 



Fig. Ta94.— The left upper and lower molars of the Water-Vole (Arvtco/a am^kibius). 

Enlarged. 

the roots are generally not developed, so that the crowns are hypso- 
dont. Siphneusy which connects this family with the preceding, is 
found at the present day in Central Asia, and is represented by a 
living species in the Pleistocene of the Altai, and by another, which 
is extinct, in the Pliocene of Northern China. Of Arvicola {Microtus^\ 
and Lemmus (including Cuniculus\ there are numerous species in 
the Pleistocene of Europe, some of which are identical with living 
forms, while others are extinct ; the former genus being also repre- 
sented in the Forest-bed and the Coralline Crag. The allied Fibej^^ 
of North America, occurs also in the Pleistocene of the same 
country. In the typical or less specialised forms, the molars usually 

1 This name, as being earlier than Arvicola^ is adopted by several recent 
writers. 
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have simple cusps, and are rooted, Paciculus, from the Miocene of 
the United States, is allied to the next genus, but has enamel-folds 
to the molars. Neotoma is represented by a species in the Pleisto- 
cene of the Pennsylvanian caves, which is perhaps not distinct from 
the living Florida-Rat. The genus Cricetus^ typically represented 
by the European Hamsters, is taken by Mr O. Thomas to include 
the American Jffesperomys, It is represented sparingly in the Pleis- 
tocene of Europe ; but it is probable that Cricetodon {Decticus)^ 
which ranges from the Quercy Phosphorites to the Middle Miocene 
of France, cannot be generically separated. In America fossil forms 
occur abundantly in the Brazilian cave-deposits, where they have 
been described as Hesperomys ; and it is probable that we must 
include in the same large genus (Cricetus) the so-called Eumys of 
the Miocene of North America. The subfamily DeomyincB is only 
known by DeomySy of the Congo Valley, which has upper molars 
intermediate in structure between those of the preceding and follow- 
ing subfamilies. The Murina^ or more specialised Mice, are mainly 
characteristic of the Old World, and do not date back far in time. 
Their upper molars have the cusps or tubercles arranged in three 
longitudinal rows and well-developed roots. Mus^ or the closely 
allied Acomys, is first known from the Pliocene Pikermi beds, and 
thence is found through the Pleistocene of Europe. The Australian 
genera HapaloHs and Mastacomys are represented by existing species 
in the cave-deposits of that country. The Indian Fhlceomyince^ hav- 
ing broad upper incisors, and rooted molars 
with transverse laminae, are represented in 
the Pleistocene of Madras by two species of 
Nesocia identical with those now inhabiting 
the same area. The GerbilHna also have 
laminated molars (fig. 1295), but the upper 
incisors are narrow and the hind limbs 
elongated. The existing Gerbillus indicus 
occurs fossil m the Madrrs caves. The 
moi^ (enlarged) of GerbiiiMs last molar in both the upper and lower 
dras. jaws of this gcnus has only a single trans- 

verse lamina, as shown in the figure. 
Lastly the Sminthinm^ in which there is a premolar in the upper 
jaw, are represented by the existing Sminthus vagans in the Pleisto- 
cene of Europe. 

Family MvoxxDiE. — In the Dormice the number of the cheek- 




* I 

teeth is Pm. A/. - ; these being rooted, with 
folds. For palaeontological purposes all the forms 


complex enamel- 
may be included 


in Myoxus^ which commences in the Paris gypsum and Quercy 
Phosphorites, and is represented in the Pleistocene of Malta by a 
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species of the size of the Guinea-pig. The so-called Brachymys of 
the German Miocene appears to be generically the same. 

As Myomorpha, of which the jdfinities are uncertain, may be 
mentioned Heliscomys^ of the North American Miocene, in which 
there are four lower cheek-teeth, and the lower incisors are com- 
pressed and grooved ; and Eomys (or Otnegodon)^ from the Quercy 

I 1 

Phosphorites, in which the cheek-teeth are Fm, M, Colonomys^ 

^ 3 

from the North American Miocene, also belongs to this section. 
Family CASXORiDiE. — With this family we enter the Sciuro- 




Fig. 1296. — Palatal aspect of the right ui>per and lower cheek-teeth of the Beaver {Castor 
The tooth on the right of each figure is the premolar. 


morpha, which includes all the remaining Rodents. The Beavers 

are natatorial Rodents, with Fm, the cheek-teeth being 

t 3 

semi-rooted or rootless, with re-entering enamel-folds (fig. 1296). 
Castor is represented by the exist- 
ing Beaver in the European Pleis- 
tocene, and by an allied form in 
the Pliocene of the Auvergne; 
and also occurs in the Miocene 
of North America, where it has 
been named Eucastor, There 
has been great dispute as to the 
affinities of the great extinct 
Beaver (fig. 1297) of the Nor- 
folk Forest-bed and Norwich 
Crag, but it is regarded by Mr Newton as identical with both Tro 
gontherium of the Russian, and Diobroticus of the French Pleisto- 



Fig. 1297.-- Right ramus of the mandiblAf 
Trogantherium Cuvieri; from the Forest- 
bed. Ooe-fourth natural size. (After Owen.) 
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cene. An allied genus is Chalicomys {Steneofiber\ in which the 
humerus has a foramen, and the mol^ (fig. 1293, c) are more dis- 
tinctly rooted, with shallower enamel-folds ; it occurs in Europe in 
the Middle and Lower Miocene, and also in the Miocene of North 
America ; Pa/aocastor from the latter deposits being apparently 
closely allied. 

Family Ischyromyid^. — Isckyromys (with which Tillomys is 
apparently identical) is a North American Miocene genus with 
2 2 

Pm. -, J/. ; having dental characters of the Sciurida, but other- 

I 3 

wise resembling the Hystricidce and Caviidcey and thus indicating 
that the sections into which the existing Rodents are divided will 
not hold good for all the fossil forms. Pseudotomus from the White 
River Miocene is an allied form ; while Sciuromys of the Quercy 
Phosphorites is probably also related. My sops of the North Ameri- 
can Eocene, according to Dr Schlosser, may be the same as Ischy- 
romys, Gymnoptychus (p. 1421) may also be allied. 

Family SciURiDiE. — In this family the cheek-teeth are usually 

Pm. M. ~ y but in Sciurus the first upper premolar is often absent. 

I 3 

The molars are rooted, and, with the exception of Eupetaurus of 
Kashmir, are brachydont ; those of the upper jaw usually having 
triangular or squared crowns, with two or more shallow infolds of 



Fig. 1*98. — Si(k view of the skull of Cyncmys Ludcvicianut. 


enamel from the outer side (fig. 1299). The Marmots and their 
allies (fig. 1298) have uncompressed incisors; and the type genus 
Arctomys is represented by the existing A. marmoita (fig. 1299) in 
the Pleistocene of Europe, and by another species in that of 
North America. Plesiarctomys (with which SciuravuSy Marsh, and 
Paramys, Leidy, are identical) occurs in the Middle Tertiaries of 
both Europe and the United States, and connects Arctomys with 
Sciurus. SpermcpkiluSy or the Sousliks, has both living and extinct 
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species in the Pleistocene of Europe ; while the allied Plesisper- 
mophilus has been described from the Quercy Phosphorites. 
Among the Squirrels, of which the living genera have compressed 
incisors, Sciurus itself ranges down to the Quercy Phosphorites in 
Europe, and in North America occurs in the White River Mio- 
cene ; the common existing S. vuU _ 

garis being found in the Norfolk 
Forest-bed. The recent northern 
genus Tamias occurs in the Pleis- 
tocene of Europe and Nebraska ; 
while Fseudosciurus and Sciuroides 
are allied extinct genera from the 
Upper Eocene of the Continent, in 
both of which the molars are more 
elongated than in Sciurus. Gym- 

I 7 

noptychus^ with Fm. Af. from 



- Palatal view of the right 
lower dentition of the Marmot 


(Arctontjfs marm^ta). Recent and Pleis- 
urope. 


t^ene, Europe. The two teeth on the right 
side of the upper figure are the premolars. 


the Miocene of North America, 
has more complex molars, and 

thereby approaches Fteromys ; while Meniscomys (with which Alio- 


mys is apparently identical), with Fm. from the same deposits, 

presents some resemblances to the American Haplodontidce (which, 
like the Anomaluridcc^ are unknown in a fossil state), Sciurodon 
from the Quercy Phosphorites is regarded as a closely allied 
genus. 

Finally, we may here mention the small Decticadapis^ of the 
Lower Eocene of Rheims, which appears to be a Rodent, although 
its affinities cannot yet be determined. 

Order VI 1 1 . Carnivora. — Although the existing Carnivora can 
be defined with fair exactness, yet the fossil forms here included in 
this order render such definition almost or quite impossible. All 
the known forms are, however, unguiculate, with never less than 
four digits to each foot, all of which bear claws ; and the pollex and 
hallux are never opposable. The dentition is diphyodont and 
heterodont, and (with the exception of the canines of the Trichechidd) 
the 'teeth have closed pulp-cavities. The incisors are very generally 
three in number, the third being the largest ; the canines are strong, 
pointed, recurved, and larger than the incisors ; while the first pair of 
incisors never have an interval between them. The cheek-teeth vary, 
but are usually compressed in the anterior part of the series ; whift if 
the molars are tuberculate, they are not complex and divided into 
lobes by deep infolds of enamel. The condyle of the mandible 
forms a transversely elongated half-cylinder, working in a deep 
glenoid fossa, protected by a large postglenoid process. The 
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clavi< 9 e ^ never complete, and is frequently absent ; the radius and 
ulna and the tibia and fibula are always distinct ; but the scaphoid 
and lunar of the carpus very frequently coalesce. In a large num- 
ber of cases the humerus has an entepicondylar foramen. The 
majority of the species subsist on animal food. In the more spe- 
cialised types there is a tendency to a reduction in the number of 
the cheek-teeth, more especially the true molars. 

As in the Rodents and the following orders, the manus is sus- 
ceptible in most cases of the movements of pronation and supina- 
tion; the head of the radius being ac- 


cordingly freely movable in the lesser sig- 
-oZ'- moid cavity of the ulna. The proximal 
extremity of the latter bone is shown in 
the accompanying woodcut in order to 
exhibit the characteristic features obtain- 
ing in the unguiculate orders. Some 
observations on the phylogeny of the 
order will be found under the head of 
the Creodonta, 

The Carnivora are divisible into the 
suborders Pinnipedia, Carnivora Vera, 
and Creodonta ; the latter being the most 
^ ^ generalised. 

Suborder i. Pinnipedia. — This sub- 
order comprises the typical Seals {Pho- 
dd(E\ the Walruses {Trichechidce\ and 
the Eared, or Fur, Seals {Otariidce) ; all 
of which mainly differ from the typical 
proximarextremiiy of the right Caituvora in points connccted With their 
? o?il subaquatic life. SThe brain is relatively 
cranon; /», Anterior lutercic ^ do. ; large, with its itcmispheres much convo- 
da for head of radius. lutcd, and Droad in proportion to their 

length. The limbs are short, and are 
each furnished with five digits, which are connected by a web : in 
the hind feet the first and fifth digits are stouter, and generally 
longer, than either of the others. In the Phocidce the hind feet 
when walking are directed backwards parallel to the axis of the body, 
but in the ^7/any<4r,^which are the least aberrant members of the 


Fi^. 1300. —Anterior aspect of the 
proximal extremity of the right 
ulna of Hyttnarctusl from the Si* 
walik Hills. Reduced. <2/, Ole- 
cranon ; n, Anterior tubercle o/f do. ; 

Stgmoid cavity; Lesser 

da for head of radius. 


suborder, they are forwards. The dentition varies, but at 

least three ki]4fb of teeth are always present. The canines are long 
an4 pointed ; the cheek-teeth (fig. 1301 ), which usually comprise four 
premolars and one true molar, are not differentiated into carnassials 
and tuberculars, but are usually sharply pointed and often furnished 
with fore-and-aft basal cusps, sdthough they are blunt and rounded 
in the Walrus. There is dways a diminution of the incisors below 
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the typical number of - . The milk*teeth are very minute, and are 
3 

either shed or absorbed at a very early date. The structure of the 
cranium approximates to that of the Bears and their allies. The 
larger limb-bones present Very characteristic features, which enable 
them to be readily recognised in the fossil state. No fossil forms 
have been hitherto found which tend to throw any light upon the 
origin of this suborder ; but in the reduction of the number of the 
incisors, they agree with some of the Creodonts, from which group 
they may be directly derived. 

Family PHOCiDiC. — The number of incisors in this family varies 

from - in Cystophora to ~ wi Phoca and Halichcerus. The best 
I 2 

known fossil Seals have been obtained from the Pliocene Crag of 
Antwerp, and have been referred to the following genera, of which 



Fig. 1301. — I^ateral view of the left dentition of Phoca, Reduced. Letters as in fig. 130a 


all but the first are peculiar to the Tertiary, although it may be 
a question whether all of them are rightly distinguished from exist- 
ing genera. They comprise Phoca, represented by a species allied 
to the Common Seal {P, vitulinoides ) ; Callopftoca allied to the 
Greenland Seal {P, grccnlandica ) ; Plaiyphoit t# the Bearded Seal 
{P, barbata) ; Phocanella to the Ringed Seal {P. foetid^ ; Gryphoca 
to the Grey Seal (Ha/ichcerus) ; Palceophoca and Monatherium t% 
the Monk Seal {Monachus) of the Mediterranean ; Mesotaria to the 
Bladder Seal {Cystophora) ; and Prophoca which does not appear 
closely allied to any existing form. Remains of Pkocidee in other 
formations are rare ; but a species provisionally referred to the type 
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genus has been obtained from the Miocene of Malta, while other 
forms occur in the Pliocene of the Crimea and elsewhere. Remains 
from the Miocene of Virginia have been described under the name 
of Fhoca Wymant^ and others from the Pliocene of South Carolina 
have likewise been referred to the same genus. 

Family TRiCHECHiDi®. — The Walruses, which are in some re- 
spects intermediate between the other two families, are readily dis- 
tinguished by their enormous upper canines. The existing Arctic 
Trichechus rosmarus occurs fossil in the Norfolk Forest-bed, and an 
allied species, T. Huxleyiy in the Red Crag ; while the names Alack- 
therium and Trichechodon have been applied to closely allied, if not 
generically identical, forms from the Belgian Crag. 

Family Otariid.®. — This family, in which the number of the 


incisors is invariably 


is almost unknown in a fossil state. 


although some writers have considered that certain genera here 
included in the Phocidcc should be referred to it. Remains 
of existing species of the type genus Otaria have, however, been 
obtained from Prehistoric or Pleistocene beds in New Zealand, and 
also from the Pleistocene of South America. 

Suborder 2. Carnivora Vera. — In the typical Carnivora the 
brain is relatively large, and the hemispheres are elongated, and 
always marked by three or four folds. The fore limbs never have 
the first digit, or the hind limbs the first and the fifth digits longer 
than all the rest. There is always a more or less distinctly defined 
carnassial tooth in each jaw ; the teeth in front of such carnassial 
being always more or less compressed and pointed, while those 
behind the same are broad and tuberculated. And it appears from 
the dentition of the suborder Creodonta that these tuberculated 
posterior teeth are the most specialised. The upper carnassial 
fig- 1302), as being the hincbnost of those teeth which have 
milk predecessors, is reckoned as fhe last^^remolar ; and it usually 
consists of an outer compressed blachj, generally furnished with two 
(fig. 1302), but occasionally (fig. 132^) with three cusps or lobes, 
and of an inner tubercle (fig. 1325). This tubercle is generally 
placed near the anterior extremity of the crown, and is of medium 
size; but in some instances, as in Macharodus (fig. 1334), it may 
be almost absent, while in others, as in the Otters (fig. 1303), it 
attains a great development. The lower carnassial (n^ in the man- 
dible of fig, 1302), as the most anterior of the teeth without milk 
{)redecessors, is reckoned as the first of the true molar series. 
Typically, the crown of this tooth (fig. 1302) consists of an an- 
terior blade, composed of two compressed cusps or lobes, and an 
inner cusp (fig. 1318), and of a hind talon. In the Wolf (fig. 1302) 
all these elements are well developed ; but sometimes, as in Fells 
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(fig* both the inner cusp of the blade and the talon may be 

entirely wanting; or, again, the talon, as in Ursus (fig. 1309), may 
attain excessive development, and the blade be proportionately re- 
duced ; the cusps or lobes of the latter being in such cases placed 
obliquely. 

Although the foregoing terms are those generally used in describing 
the camassial teeth, a few words may be said as to the serial homology 
of their cusps. Thus, in the normal type of upper camassial with two 



Fig. 1303. — Outer lateral view of the left dentition of the Wolf (Cams lu^us). Reduced. 
t. Incisors ; c, Canine ; Premolan> , wi, 1 rue molars. 


lobes to the blade (fig. 1318, /w. 4), it appears that the inner tubercle 
represents the protoconc of the %itubercular type (p. 1275), the first 
lobe of the blade corresponding the paracone, and the second to the 
metacone. In those formf wll^j a trilobed blade (fig. 1325)7 ^he anterior 
lobe is a superadded element not found in the primitive type. In the 
lower camassial (compare fig. 1145, p. 1275) the posterior lobe of the 
blade, which is really external, is the protoconid ; the anterior lobe 
(paraconid) and the inner cusp (metaconid) are both internal ; while the 
talon is the hypoconid. 

With very few exceptions, the incisors are - in number. The 

digits are nearly always furnished with long, sharp, and more or less 
curved claws, which in the true Cats {Felts) can be retracted info 
protecting bony sheaths. In some genera, like Ursus^ the whole of 
the sole of the foot is applied to the ground in walking (jplantigrade\ 
while in others, like Canis^ only the terminal digits are so used 
{digitigrade). As a feature of some importance in this suborder, 
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mention must be made of the alisphenoid canal^ which is a short 
bony channel situated in the alisphenoid bone immediately on the 
outer side of the pterygoid. The existing representatives of this 
suborder have been divided into three sections — ^the Arctoidea, 
Cynoidea, and .^luroidea ; but extinct forms show such a complete 
transition between the three that it is impossible to adopt any divi- 
sions of higher rank than families, and scarcely any two writers agree 
as to the limits of the latter. It is, moreover, very doubtful whether 
the Arctoidea is really a natural group. When, indeed, we go back 
to the Upper Eocene or Lower Oligocene, where this suborder is 
first definitely known, we find that Bears pass imperceptibly into 
Dogs, Dogs into Civets, Civets into Hyaenas and Cats, while Weasels 
appear to be related to the Civets ; and the principles adopted in the 
classification of recent forms consequently fail to enable us to make 
any really satisfactory arrangement 

Family MusxELiDiE. — This family comprises the Sea-Otters, 
Otters, Badgers, and Weasels. In all existing forms the skull has 
no alisphenoid canal ; there is never more than one upper true 
molar, and the lower true molars are nearly always two, although 
reduced to one in Mdlivora, The upper true molar has its inner 
tubercular portion wider than the outer or cutting moiety (fig. 1306), 
this feature being most developed in the Otters (fig. 1303); and the 



Fig. 1303,— Palate of Luira cinerea ; India. 


cusps of the blade of the lower camassial are comparatively low (fig. 
130S). The palate is comparatively wide, and the premolars are 
somewhat crowded together; while the auditory bulla has no 
septum, and is usually, but slightly, inflated. It is suggested by 
Scott th^t the Mustelidae are a branch from the primitive Vivtr- 
ridm^ and there is considerable evidence in favour of this view, 
which, if true, at once breaks up the Arctoidea. 

The existing Lutrim section may be palseontologically divided 
into Lutra and Enkydra ; the latter being a marine form unknown 
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in a fossil state. The species of Lutra are characterised by the 
great constriction of the skull in the orbital region, and usually by 
the more or less squared contour of the crown of the upper true 
molar, and the great development of the inner tubercle of the last 
upper premolar, which forms a crescentoid ridge \ both these features 
being well shown in fig. 1303. In the typical Z. vulgaris the dental 

formula is 7 . C Pm* M. ^ but in some existing species the 

first upper premolar may be absent (fig. 1303), and other variations 
occur in fossil forms. This genus may be divided into three groups, 
which it is quite permissible to regard as distinct genera, and of 
which the first and third are extinct. The Enhydriodont^ or most 
specialised group, comprises two large otters respectively from the 
Pliocene Siwaliks of India and the Middle Miocene of Italy, which 
attained dimensions fully equal to those of the existing Z. brasiliensis. 
In both these forms the first upper premolar is absent, and in the 
Indian Z. sivalensts the second premolar may likewise disappear. 


In this species, moreover, the fourth upper premolar or carnassial 
(fig. 1305) differs from 

that of all other otters 

in that the inner crescent 
consists of three distinct 
tubercles ; but the Italian 
Z. Campanii (fig. 1304) 

connects in this respect 1304.-7 The right Fig. isos.-Xhe left upper 

. * upper carnassjal of carnassial of Lutra stvalen' 

the Indian species with from the Mio* sis; from the Pliocene of 

.t _ . .. rr»u cene of Italy. In its na- India. The outer ridge is 

the true otters. 1 he tural position the outer broken. 

typical group, which in- 
eludes all the existing 

forms, is known to date firo«|^ the Middle Miocene of Europe, and 
also occurs in the TertSiries of n^America and the Indian Siwaliks. 


Fig. 1305. — The left upper 
carnassial of Lutra sivalen’ 
sis; from the Pliocene of 
India. The outer ridge is 
broken. 


Remains of the existing Z. vulgaris occur in the Norfolk Forest- 
bed \ while the Siwalik Z. pakii^dica is closely allied in the structure 
of its teeth and skull to the Hving hairy-nosed otter (Z. sumatrana) 
of Asia. Finally, the Lutrictine group is represented only by Z. 
Valetoni^ of the Lower Miocene of the Continent, which is dis- 
tinguished from all other Mustelines by the presence of a minute 
second upper true molar. This species is also characterised by the 
narrowness of the first upper true molar, and by the circumstance 
that the anterior upper premolars are placed immediately behind 
the canine, instead of being squeezed towards its inner side, as ki 
fig. 1303. If regarded as generically distinct, this form should be 
known as Potamotherium* The Miocene Trochictis appears to 


connect the Otters with the Weasels. 

Among the Badgers and their allies extinct species of the type 
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genus Meks occur in the Pliocene of Persia, the common Badger 
{M. taxus) being found in the Pleistocene of Europe ; while extinct 
species of Mellivora^ or Ratel (fig. 1306), have been described from 
the Pliocene of India, this genus being confined to that country 



Fig. 1306.— The right upper and left lower dentition of MelUvora sivaUnsis', 
from the Pliocene of India. 


and Africa. The last-named deposits also yield the extinct MelH- 
vorodon. Species of the American genus Mephitis {Conepatut) 
occur in the Pleistocene cave-deposits of Brazil ; while Promepkitis, 
of the Pliocene of Greece, is considered to be allied. Falaomephitis^ 
of the Miocene of Bavaria, which has been placed in this^fkmily, 
appears to be identical with Viverra, 

The Weasels, or typical representatives of the family, which are 
divided into the exi^lting genera Mustela (including Putorius), Gulo^ 
and Ga/ictis, occur commonly throughout the higher Tertiaries. 

Mustela (fig. 1307), in which the premolars vary from ^ to and 

3 4 

the inner cusp of the lower camassial is frequently absent, is repre- 
sented by nupaerous existing species in the Pleistocene of Europe, 
aud by a number of extinct forms, some of which it has been pro- 
posed to separate under the names of Plesiogale and Paleeogak^ rang- 
ing dowm to the Quercy Phbsphorites. A large species (fig. 1308) 
occurs in the Siwaliks of India, which was probably closely allied 
to M, flavigula of the same regions ; and other large forms are 
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found in the Miocene of Bavaria, and the Pliocene of Greece and 
Persia ; while the genus is also represented by a smaller species in 
the Pliocene of North America. M, Larteti of the Miocene of 
Sansan should perhaps be referred to the African genus Ictonyx, 



Fig. 1307. — Right lateral view of the skull of the Polecat {Mustela putorius). 

The extinct PlesicHs occurs in the Lower Miocene and Upper 
Eocene (Oligocene) of Europe, and is characterised by the presence 

of - premolars, and the circumstance that the temporal ridges of 
4 

the cranium do not unite to form a sagittal crest, as they do in 
Mustela. The inner portion of the upper true molar, as in some 
of the Miocene species of Mustela {Fal(Bogale\ be- 
comes narrower than the outer, and the auditory 
bulla is more inflated ; both these features indicat- 
ing affinity with the Viverrine genus Stenoplesictis, 

The existing genus Galictis of America is repre- 
sented in the Pleistocene of the two divisions of 
that Continent ; while the Arctic Gulo occurs in the 
Pleistocene of Europe, where remains of the existing 
Wolverine {G. luscus) are met with. 

Family Procyonid.®. — The Procyonida may be 
taken to include both the American Racoons and 
Coatis and the Indian ^lurus^ but are of small 
palaeontological importance. In all living genera the true molars 

are ~ in number: and the American forms have no alisphenoid 
2 

canal. Nasua (Coati) occurs fossil in the Pleistocene of Brazil ; 
and the extinct Cynonasua^ characterised by the presence of thre^ 
loweV true molars, is found in the older zVz/rii-Pampean of Pata- 
gonia. Procyon (Ragoon) is represented in the Pleistp^ne of 
North America; while Lept&rctus from the same deposits, and 
Arctodus from the Pleistocene of South Carolina, are extinct genera 



Fig. 1308. — Upper 
and outer view of 
the left lower car- 
nassial of Mustela ; 
from the Pliocene 
of India. 
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connecting the ]jli^scnt fatnily with the next, jElurus is represented 
at the present by a single species from Nipal and the adjacent •r 
regions. In common with the American members 0{ the family it 
is characterised by the second lower true molar being longer than 
the first, and by the absence of a “carnassial” character in the 
latter. The mblars are, however, of an unusually complex character; 
and the last one of the lower jaw presents a decided approximation 
to the third molar of certain Ungulates. Yhe only fossil tl^t has 
been referred to diis genus is a fragment of h mandible with the last 
true molar from the Red Crag of Suffolk. It is, however, advisable 
to await further information before admitting this determination as 
certain. 

Family Ursid/e. — Palaeontologically it appears advisable to in- 
clude in this family not only the Bears, but also the Dogs {Canidce\ 
since the passage from one t 3 !pe to the other is so complete as to 
render it impossible to draw any satisfactory distinction between 
them. Although no precise definition of this family can be given, 
the following points may be noticed. With the exception of the 



Fig. rjM. — Outer view of the right dentition of the Polar Bear ((/rs$u maritimm). 

Reduced. /, Incuors ; c, Canine ; /m, Premolar3 ; True molars. 

existing genus jEluropus the skull has an alisphenoid canal. The 
upper true molars are frequently two in number, but they may be 
r^uccd tx> one ilcticyon), or increased to three {Amphicyon) or four 
{Otocyon); while the corresponding teeth of the lower jaw are nearly 
rfways three in number, although they may be reduced to two, and 
in Otocyon are augmented to four. The first upper true molar is 
invariably placed behind the carnassial, and the latter generally has 
two lobes. The upper true molars may have either oblong ( Ursus\ 
squared {Hyanarcius\ or triangular crowns ; and the talon of the 
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lower camassial is well developed, audito^ region may either 

have a depressed bulla, without an inner septum ( Ursus\ as in the 
existing Must§iida, or (Cams) may have an inflated bulla with an in- 
complete septum approximating to that of il^ J^verridce, The least 

' ; 



Fig. 1310.— Right lateral ispect of the skull of the Cave-Bear (l/rsus spel{eus)\ 
from the Pleistocene of Germany. Reduced. 


specialised forms have an entepicondylar foramen to the humerus, 
and a third trochanter to the femur. The feet are digitigrade in Canis 
and plantigrade in Ursus, In common with the majority of the Car- 
nivora Vera, and also many of the Creo- 
donta, the second lower incisor is thrust 
up above the line of the first and third. 

In the type genus Ursus the dental for- 

4 


mula is usually I. C. Pm. M. 

3^43 
but m U. (Melursus) labiatus the number 
''i,_ ^ ' 2 

of iMs incisors is reduced to -. The 

3 

second and third premoiars are usually 
shed at an early age; the upper carnas- 
sial (pm. 4, fig. 1309) is shorter than the 
first true molar, and lacks the marked 
sectorial character which it presents in 
most other Carnivora ; and the upper true 
molars are greatly elongated, and have flat 
tuberculated crowns. The foramen has 
disappeared from the humerus; and the • 

olecranon of the ulna (fig. 1311) has become very short; while 
the femur has no third trochanter. This genus may be regarded 
as in some respects very specialised, although retaining generalised 
features in its plantigrade and pentedactylate feet. It is of com- 
VOL. II. 2 ^ 



Fig. 1311. — Anterior aspect of 
the proximal extremity of the 
right ulna of Ursus arctus. 
One-haif natural size. Letters 
as in fig. 1300. 
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paratively modem origin ; the earliest known species being U. 
Theobaldiy of the Pliocene of India, which was the ancestor of the 
€jxisting U, labiaius of the same country. The last-named species 
is found in a fossil state in the caves of Madras. In the Upper 
Pliocene of Europe we have the small U. etruscus ; and in the 
Pleistocene of the same area the existing European Brown Bear 
{U, ar€tus\ the allied or identical North American Grizzly {U. 
horribilis\ and the huge extinct U. spelceus^ or Cave-Bear (fig. 
1310). The latter species is characterised by the prominent ridge 
above the orbits, and the extremely fine tuberculation of its molars ; 
its remains are found in extraordinary abundance in the bone-caves 



Fig. 1312.— "Palate of Arctoiherium bonariense ; from the Pleistocene )»f 
South America, One-fourth natural size. 


of the Continent. Very noteworthy is the occurrence of abundant 
remains of Bears in the caverns of North Africa, since but one liv- 
ing species is found in the whole of that vast continent. In the 
Pleistocene of South America and California we meet with the huge 
Arctotherium (fig. 1312), in which the upper carnassial is relatively 
longer than in Ursus^ while the crowns of the true molars are more 
nearly square ; so that its dentition serves to connect that of Urms 
with that of the next genus. According to Professor Cope the 
humerus has a foramen. The genus Hycenarctus occurs first in the 
Middle Miocene of Europe, where the species are of small size 
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(fig. 1313), and is represented by much larger forms in the Pliocene 
of India, China, and Europe. In this genus the proximal extremity 
of the ulna (fig. 1300) has an elongated olecranon similar to that 
of Amphicyon and Canis. There is also a third lobe to the upper 
carnassial (whereby it resembles the corresponding tooth of Hycena\ 
while the first upper true molar is square 
(fig. 1314) in one species, and imperfectly 
triangular in another ; the lower carnassial 
resembling that df Canis. The small H. 
anthracitis of the Middle Miocene of Italy i 
may be identical with H. minutus. Before 
noticing the forms connecting Hymnarctus 
with Canis^ we must mention some extinct 
genera more or less nearly allied to the 
present group, and which Dr Schlosser 
also regards as related to the Procyonidce. 

Among these are Simocyon {Pseudocyon or 
Metarctus) of the Pliocene of Greece and 
Hungary, in which the number of the 

2 2 ^ 3 * 3 - — Outer and palatal 

cheek-teeth is P?n. , — , M. ~ • and En- of the left upper true 

{ 2—4 ) 2 molars of Hycfuarctus minutm ; 

. ^ s. ^ f. 7 fro*’™ Middle Miocene of 

hydrocyon (ng. 1315), of the Miocene of Siiesia. (After Koken.) 

North America, in which the cheek-teeth 
X 2 

number Pm. the cranium is very short, and the lower 

3 ^ 

carnassial ^has a cutting talon. Oligobunis of the Miocene, and 
Tomarctus of the Pliocene of the same country are also more or 


the cranium is very short, and the lower 



A 

Fig. 1314.— First upper (a) and second lower right true molar H y unarc f us , 

from the Pliocene. 


less nearly related types. Here we may also place Hy(znocyon of 
the Miocene and yElurodon {Prohyand) of the Pliocene of North 
America, though Dr Schlosser, on wholly insufficient grounds, 
would refer both to the HytBnidcB, The former has the molars 


H34 


CLASS MAMMALIA. 


reduced to ~ ; while in the latter the upper carnassial has three 

lobes like Hyanarctus^ the number of teeth according to Professor 
Cope being tl^ same as in Canis^ and the humerus having no fora- 
men. More nearly allied to the Hycenarchts group is Cephalogale^ 



Fig. 1315 — Later.\l and upper view of one half of the cranium of hnhydrocyon iUni'ctJ>halus ; 
from the Miocene of North America. One-half natural si/e. (After Cope ) 


in which the two upper true molars (fig. 1316) become more or 
less triangular, but the rarnassial in both jaws (figs. 1316, 1317) 
is comparatively short, with low cusps. This genus, according to 
Dr Schlosser^s emendation, is comparatively abundant in the Upper 

Eocene and Lower Miocene of the 
Continent ; many of the species hav- 
ing been included by Dr Filhol in 
Cynodictis, Extremely near to those 
species of Hy(enar€tus in which the 
upper true molars are triangular is the 
gigantic Dinocyon from the Middle 
Miocene of Europe, in which the 
above-mentioned teeth become per- 
fectly triangular like those of Canis ; 
and we may here mention Brachycyon 
from the Upper Eocene of France, The widely-spread genus 
Amphicyon (in which Pseudamphicyon of Dr Schlosser may be in 
part included) occurs in Europe from the Upper Eocene to the 



Fig. X3i6,-~Th€ last four left upper 
tedth of Cephalagali Gryei ; from the 
Upper Eocelie of Fraoce. 
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Middle Miocene of Europe, and is also found in the Pliocene of 
India; the forms from the Upper Eocene of North America 
which have been referred to it, are regarded by Dr Scott as 
distinct, and have been named Daphanus. Its teeth closely 
resemble those of Canis^ but there are three uppe/ true molars ; 
the femur has, however, a third trochanter, the feet are plantigrade 
and pentedactylate, the distal end of the humerus has a foramen, 
and the auditory bulla is somewhat inflated, with either a very 
rudimentary or no septum. ^ This genus has therefore the dentition 
of a Dog, coupled with limbs more like those of a Bear ; and it is a 
curious comment on the attempt to maintain the families Canidce and 
Ursidce that while Professor Flower places Amphicyon in the former, 
Dr Schlosser refers it to the latter. This genus is evidently a very 



Fig. i3i7.-*Right ramus of the mandible of Cephalogale brcvirostris ; from the 
Upper Eocene of France. 


genefalised form, from which many others may have been derived. 
In CaniSy comprising the Dogs, Wolves, and Foxes, the dental for- 
mula is normally /. -, C. -, Pm. J/. ^ but in some forms 

3143 

(Cyon) the lower true molars may be reduced to two, and in others 
{Lycorus) there are but three lower premolars, while occasionally the 
third upper true molar is retained. The characteristic features of 
the teeth are shown in figs. 1302 and 1318 ; but it maybe observed 
that the relative length of the carnassial and the degree of obliquity 
of the cusp-line in the lower carnassial varies in different species ; 
the most specialised forms showing the greatest development of 
these features. The third lower premolar has a hinder basal cusp 
which is usually wanting in Amphicyon ; the humerus has no mra- 
men ; the femur has lost the third trochanter ; the feet are digiti- 

^ The general characters of the base of the skull of Amphicyon are Ganoid, 
but in the presence of postparietal and mastoid foramina it agrees with the Bears. 
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grade; and the hallux is wanting m the pes. This genusr prqbably 
commenced in the Upper Miocene of CEnmgen, and is 
tributed over all the world from the Pliocene upwards. The Wolf 
(P» lupus) ranges down to the European Pleistocene, and the allied 
C, Cautleyi is found m the Pliocene of the Siwalik Hills. C*. curvt- 


3 tn 2 fn, l pfn 4 3 /^* ^ P^* * 



m 2 fn I pm 4 pm 3 pm 2 pm I 

F»g 1318 — Palatal aspect of nght lower and upper dentition of Cams argentatus The 
oblique line in the lower camasstal is the cusp line (After Huxley ) 


palatus of the latter deposits shows signs of affinity y^ith the African 
Otocyon (Fennec). Lycaon^ now confined to Africa, and distin- 
guished by having an anterior cusp to the last lower premolar, is 
found in the Pleistocene of Glamorganshire. Palceocyoriy of the 
Brazilian Pleistocene, is regarded by Dr Schlosser as indistinguish- 
able from Cams. Temnocyon^ of the North American Miocene, has 
the talon of the lower carnassial secant, and a foramen to the hume- 



Fif. 1319.— Left ramus of the mandible of Cynodtctis lacustris ; from the 
Upper Eocene of France. (After Gaudry ) 


rus ; while in the existing American Icticyon {Speothos\ which is 
represented in the Brazilian Pleistocene, the low^ carnassial has 
not only a secant talon but also lacks the inner cusp. Perhaps, 
however, the most interesting genus of the whole group is Cynodictis 
(in which we may include Cynodon^ Amphicynodon^ and Pachycyno- 
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don\ of th4 Upper Eocene and Lower Miocene of the Continent, 
and also of the White-river Miocene of North America, where 
it has been described as Gaiecynus. In this genus the dental for- 
mula is usually the same as in Canis^ but in some cases (as in that 
genus) there are only two lower true molars. The teeth (figs. 1319, 
1320) resemble also those of the Viverridce, the carnassials being 
never very long, and the cusp-line of the lower one transverse ; and 
the humerus has a foramen. The auditory bulla is inflated, but 
according to Dr Filhol, has no septum. This genus is, indeed, 



Fig 1320. — Left half of the palate of Cynodictis lon^rostris , from the 
Upper Eocene of !• ranee 


one closely connecting the Ganoids and Viverroids ; and since it is 
pretty evident that the Hycenidm and FelidcB are divergent branches 
from an early Viverroid stock it is probable that Cynodictis repre- 
sents a type not far removed from the one which has given rise 
to several of the more specialised Carnivores, and is itself derived 
from Amphicyon^ or an allied type. 

Family Miacid^. — This family is provisionally adopted to in- 
clude the Eocene genera Miacis and Didymichs, which appear to 
be primitive forms allied to both Ganoids and Viverroids, but which 
Professor Cope placed among the Creodonta. Miacis ( = Uiniacyon 
and Viverravus) occurs in the Upper, or Bridger, Eocene of North 
America, and according to Dr Schlosser, who places it with the 
Ganoids, in both the Lower and Upper Eocene of France. £>zdy- 
mictis (Limnocyon\ which occurs in the Puerco, Wasatch, and 
Bridger Eocenes of North America, is included by Dr Schlosser 
in the Viverridee, Dromocyon is noticed on page 1453- 

Family ViVERRiDiE. — The Viverroids are comparatively small 
Carnivores, showing such close affinities in one direction with Cyno- 
dictis among the Ursidee, in another with the MustehdcE^ and in a 
third with the Byctmdee and the FelidcCy that their accurate defini- 
tion is quite impossible. The skull in existing forms generally 
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has an alisphenoid canal ; and the auditory bulla is infiated and 
has a complete septum. There are usually two true molars in* each 
jaw, although the second is wanting in Prionodon. Those of the 
upper jaw (fig. 1322) are usually triangular, and are always narrower 
internally than externally, although they may be narrow in Viverra 
(fig. 1322) and very broad in Paradoxurus ; and, except in Crypto- 
procta are placed behind the carnassial. The cusps of the lower 
camassial are generally very tall ; the premolars are spaced ; and the 
palate, like the entire skull, is long and narrow. The upper car- 
nassial is subject to great variation in relative length. In typical 
forms the blade of the lower carnassial has an inner cusp, while its 
cusp-line is transverse, and the talon is relatively large. The hume- 
rus usually has an entepicondylar foramen. The feet are planti- 
grade, and usually have five complete digits ; and their claws, as a 
rule, are comparatively straight and only slightly retractile, and are 
not protected by a bony sheath. Exclusive of Miacis and its allies, 
which are here regarded as representing a separate family, the Viver- 
ridce are characteristic of the Old World. The Oriental genus Para- 
doxurus^ characterised by its broad upper molars, is at present un- 
known in a fossil condition. The more widely spread Herpestes 
(Mongoose) is characterised by its narrow upper molars, by the 
presence of an inner tubercle to the third upper premolar, and of a 
hinder cusp to the fourth lower premolar. This genus is represented 
in a fossil state by remains of the existing If, nipalensis (fig. 1321) 
in the Pleistocene of India, and by extinct 
species in the Upper Eocene and Miocene 
of Europe. Ampkictis, from the Lower 
Miocene (Upper Oligocene) of France, 
seems to be closely allied to Viverra, but 
the second lower true molar is longer and 
has two distinct roots. The type genus 
Viverra (fig. 1322), which has no inner 
tubercle to the third upper premolar, com- 
mences in the Upper Eocene of England 
and France ( V, Hastingsice and V, angus- 
tidens), and occurs right through the suc- 
ceeding Tertiaries till the Lower Pliocene 
of France, where it is represented by V, 
Pepraxtu The latter Civet, together with other allied species from 
the Pleistocene and Pliocene of India, presents, however, certain 
derftal features in which it approximates to Ictitherium, The 
Oriental genus Prionodon, in which there is only one upper true 
molar, and the inner cusp of the lower carnassial is very small, 
while the humerus has a foramen, is not known to occur in 
a fossil state. So far as can be determined from the lower 



Fig. 1321 — The right ramus 
of the mandible of Her^et^tes 
nipaUnsU; from the Pleisto- 
cene of Madras. All the teeth 
except the carnassial and the 
canine are wanting. 
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jaw, Falmoprionodon^ of the Quercy Phosphorites, appears to be so 
closely allied to Prionodon, that it is somewhat difficult to see how 
it can be even generically separated. Closely allied to Palceoprion- 
odon is Stenoplesictis^ from the same deposits, in which the dental 

formula is Z C. Pm, -, M. -, or the same as in Viverra, 

This genus presents, however, decided indications of affinity with 



Fig. 1322. — Palatal aspect of the left upper dentition of the Zibeth {Viverra zibetka) ; 
from India. 


the Musteloid Plesictis^ on which account it is placed by Dr 
Schlosser, together with Pal(EOprionodon^ in the same family ; but 
its dentition and the contour of the skull are decidedly Viverrine, 
and, according to Dr Scott, the bulla has a complete septum, of 
which the position is visible externally, as in modern Viverrines. 
It is, however, quite probable that we may have in these generalised 



Fig. 1323, — Palatal aspect of the left upper dentition of Ictithenum robustum; 
from the Pliocene of Greece. (After Gaudry.) 


forms the ancestral types of the Mustelidce, which from this view 
will have lost the septum of the bulla independently of the Beaft. 
In all the above-mentioned genera the upper carnassial has only two 
lobes, but in Ictitkerium (Thalassictis) they are increased to three, 
as in Hymna, Ictitherium occurs in the Lower Pliocene of Greece, 
Hungary, and France; and its upper true molars (fig. 1323) have 
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become relatively smaller than in Viverra^ and in the figured 
species have a tendency to become placed on the inner side of 
the carnassial. The genus Cryptoprocta^ which is unknown in a 
fossil state, approximates in the character of its dentition and its 
semi-retractile claws to the Felida. 

Family HViENiDA:. — The above-mentioned genus Ictitherium may 
without much doubt be regarded as the ancestral type of the Hycen- 
idce^ which form a family of comparatively recent origin and entirely 
confined to the Old World.^ The transition to Ictitherium is indeed 




Fig. 1324. — Oral view of the right half of the palate and right ramus of the mandible of the 
Spotted Hysena (iV. crocuta), together with outer view of the lower carnassial tooth. One-half 
natural size. 


SO close that it is impossible to give a distinctive diagnosis of the 
family. Usually, however, there is but a single upper true molar, 
which is of small proportionate size, and is generally placed more or 
less entirely ot\ the inner side of the carnassial ; the latter tooth 
(fig. 1325) always having three distinct lobes to the blade, and a 
well-developed inner tubercle. The lower carnassial, or first true 
molar (fig. 1324) has a very large blade, and the hind talon com- 

^ This is exclusive of Mlurodon (Prohyana) and ffycenocyon^ which Dr 
Schlosser transfers from the Ursidce to this family. 



ORDER CARNIVORA. 


1441 


paratively small ; while its inner cusp, if present, is likewise relatively 
small. There is never more than one lower molar {tn. 2) behind 
the carnassial, and if present that tooth is very small. In the exist- 
ing genus the humerus has no entepicondylar foramen, while, at 
least in the living species, each foot has but four digits, of which 
the claws are non-retractile. The most generalised member of the 
family is the genus Palhycena^ of the Lower Pliocene of Greece, 
France, and Persia, which has been included by many writers in 
Ictitherium^ but of which the carnassial teeth are essentially those of 

a Hyaena. The dental formula is Z C Pm, JZ or the 

314 2 

same as in Viverra, The first upper true molar is placed entirely 
on the inner side of the large carnassial ; the lower carnassial, except 
for its rather larger talon, is almost indistinguishable from that of the 
Striped Hyaena, while the second lower true molar is comparatively 
small. The first lower premolar is very minute, and in their com- 
pressed crowns the other premolars are more like those of Viverra 
than those of existing Hyaenas. The type species is comparatively 
small, with slender jaws, and the muzzle is elongated after the 
Viverroid fashion. The imperfectly known Lepthycena^ of the Indian 
Siwaliks, is closely allied to, if not identical with, the preceding 
genus. The remaining forms may be included in the genus Hycena^ 
which may be divided into groups corresponding to the genera 
of some writers, although there is an almost complete transition 
from one to the other. In all cases there is never more than a 
single upper true molar, while in existing forms the normal dental 

formula is Z C, \ Pm, M, In some fossil forms, however, 
3 ^ 3 ^ 

the first upper premolar may be absent, while in others there may 
be a small first louver premolar or a second lower true molar. 

Of the more generalised forms classed in the Lychycenine group 
{Lychymna\ as represented by H, macrostoma of the Pliocene of India, 
and H, chceretis of that of Greece and Samos, the muzzle is long, the 
premolars, of which there are four in the lower jaw, are compressed, 
the first upper true molar is placed partially behind the carnassial, 
the lower carnassial has an inner cusp, and there was probably a 
second lower true molar. In the Hycenictine group (Bycenictis), 
which likewise occurs in the Pliocene of India and Europe, the 
second lower true molar is still retained as a very minute tooth, but 
the premolars are more like those of existing forms, and the coi|^- 
paratively large m, i is placed entirely on the inner side of the car- 
nassial. The muzzle is also comparatively short. In the Indian 
H siva/ensis the first lower premolar is lost, although retained in 
the European If, chceretis. This group forms, indeed, a complete 



1442 


CLASS MAMMALIA. 


connection between Palhyana and the next group. In the typical 
or Euhyanine group, as represented by the living Indian Striped 
Hyaena (H. striata) the premoltrs form blunt cones admirably 
adapted for crushing large bones. In this group the upper car- 
nassial (fig. 1325) has a short third lobe, while the corresponding 



lower tooth still retains its inner cusp and distinct hind talon ; but 
the first lower premolar and second true molar have totally dis- 
appeared. Remains referred to the existing species occur in the 
Sulfolk Crag, the caverns of France and the Upper Pliocene or 
Pleistocene of Italy. H. arvernensis, of the Upper Pliocene of 



Fig. 1336.— Outer view of hinder part of the right ramus of the mandible of Hytena Colvinil 
from the Pliocene of India. 


France and Italy, seems to be allied to H. brunnea of the Cape ; 
while H. Perrieri {topariensis\ of the same deposits makes another 
step towards H. crocuta^ having lost the inner cusp to w. i. The 
most specialised or Cracutine group {Crocuta) is now represented by 
the Spotted Hyaena, and is characterised by the long third lobe of 
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the upper camassial (fig. 1327, a), and by the loss of the inner 
cusp and reduction in the size of the hind talon of the lower carnas- 
sial (fig. 1327, b). 

The most generalised representative of this group is H. eximia^ 
of the Lower Pliocene of Greece and Persia, in which the first lower 
premolar is retained, but the second lower true molar is lost, as in 
all the other members of this group.^ H, Colvini (fig. 1326) of the 



B 


Fig. 1327.— (a), Palatal view of right upper camassial and true molar; and (b), Outer view 
of right lower camassial of Hycena crocuia. 


Indian Siwaliks, in which pm, i has disappeared, may probably be 
regarded as the ancestor of the existing Spotted Hyaena {H. crocuta) ; 
while H, robusta, of the Upper Pliocene of Italy, is allied to H. 
Colvini^ but retains pm, i. 

The Spotted Hyaena is now found in South Africa, but occurs in a fossil 
state in the Pleistocene of both Europe and India. It is characterised 
by the minute size of the upper true molar (fig. 1327), and the extremely 
small size of the hind talon of the lower camassial {ibid.) The facial 
part of the cranium (fig. 1328) is very broad and short. 

Remains of the Spotted Hyasna occur in vast quantities in many 
European cave-deposits ; and were especially abundant in the celebrated 
Kirkdale cave in Yorkshire, explored in the early part of this century by 
Dean Buckland, and also that of Gailenreuth in Franconia. That these 
caves were dens in which the Hyaenas dwelt is evident from the marks 
of their teeth on the bones of other animals dragged in by them for 
food, as well as by other unmistakable evidence. 

Family Felidae. — The Felidce^ in which the Nimravidce of Pro- 
fessor Cope are included, are the most specialised representatives of 
the entire order ; this being especially shown in the existing forms 
by the shortness of the skull, in which there is no alisphenoidal 

^ In a skull of the Spotted Hysena in the College of Surgeons there is a second 
lower true molar on one side. 

^4 
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canal, the reduction in the number of the cheek-teeth, the great 
development of the canines and carnassials, and the digitigrade feet, 
with their strongly curved and generally perfectly retractile claws, 
protected by complete bony sheaths. The auditory bulla is greatly 
inflated, and completely divided by a vertical bony septum. The 
dental characters commim to the entire family are the strong develop- 
ment of the canines, the presence of not more than one upper 
and two lower true molars, and the circumstance that the three 
lower incisors are placed in dae same horizontal line. With one 
exception all the known forms have an entepi condylar foramen to 



Fig, 1328.— Oblique lateral view of the cranium of Hytfna crocuta; from the German Cave. 
Reduced (After Owen.) 


the humerus. This family was probably derived from the ancestors 
of the modern Viverridce^ the view taken by Dr Schlosser that the 
true Felidm are directly descended from the Creodonts being very 
improbable. The earlier forms, constituting the NimravidcR of 
Professor Cope, present generalised features which are lost in the 
true Cats. 

Here may be mentioned the remarkable genus Promlurus from 
the Lower Miocene and Upper Eocene of France, which includes 
small Carnivores of generalised affinities, which have been placed 
by Professor Cope in the true Felidm and by Dr Schlosser in the 
Mustelidm, The skull agrees with that of Cryptoprocta in the 
possession of an alisphenoidal canal, and the teeth also present 
resemblances to those of that genus, the formula of the cheek-teeth 

being Pm, % M, I- , The femur has a third trochanter, and the 
4 2 

pfcalangeals, according to Messrs Scott and Osborn, resemble those 
of Dinictis, This genus also shows signs of affinity with Palceopri- 
onodon and Pseudcelurus, 

Dinictis is a somewhat larger but likewise very generalised form, 
from the Miocene of the United States, which was at one time 
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classed by Dr Scott with Cryptoprocta in a separate family, but is 
now placed by him in the Mmravidce. The formula of the cheek- 

3 ^ 

teeth is Pm, M. the upper carnassial has no anterior lobe; 

3 ^ 

the alisphenoid canal is retained ; the femur has a third trochanter ; 
the astragalus is flattened and articulates Twith the cuboid ; and the 
terminal phalangeals, although retractile, are not protected by bony 
sheaths. Generalised features are also displayed in the base of the 
skull ; and the bones of the skeletons 'approximate to those of Cyno- 
dictis and other primitive types. 

Of the other generalised forms which may perhaps be included in 
this family we may mention JEluropsis of the Pliocene of the Siwalik 
Hills, and Pseud(Blurus typically from the Middle Miocene, but re- 
corded by Dr Filhol from the Upper Eocene Phosphorites of France. 
uPluropsis is very imperfectly known, but its mandible seems to 
approach that of the Machaerodonts. Dr Schlosser would include in 
this genus some of the forms from the French Phosphorites referred 



Fig. 1329. — Left lateral aspect of the skull and anterior cervical vertebr«e Nimravus gom- 
/fhodus; from the Miocene of North America. Two-fifths natural size 3, 4, Premolars, i, 2, 
True molars. (After Cope.) 


by Dr Filhol to Procelurus^ and would change the name to Haph- 
gale, and place it in the Mustelidce, The typical Fseudcelurus has 
three lower premolars, and no inner cusp to the lower carnassial; 
but in P. intermedius, which Dr Schlosser makes the type of the 
^enus Stenogak, there were four lower premolars in some instances, 
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to 1 


and the lower carnassial retained a small inner < 
consideration of fossil forms which may undonbtedly be included in 
the present family in the sense in whjj^h 4t is here empJ<|ed| pt 
ftnd that they have a larger matnber of tee^ than e?a^g fonhs, 
and many or all of them retain alisphenoidal canalf^ Of these 
jElurictis (jElurogale) is typically ^represented by a large species 
in the Qaercy EhpsphonJte^ of France, and has also been recorded 
from the Pliocene of lodiar The formula of cheek-teeth is 

Pm, J/. • but it is not improbable that this genus may 

(3-4) {1-2) . . . , , 

prove inseparable from Nimmvus (fig. 1329), in which the number 
of lower premol|U‘s is reduced to two. Other allied genera from the 

3 I 


North American Miocene are Archmlurus, with F 7 }i, 


( 3 ~ 4 )’ 


M. 


Pogonodon (fig. 1330), with Pm. M. - \ and Hoplophoneus^ with 


(2— "J) I w* f 

Pm. — 1 M. In addition to the genprq^ly |»rge number of 
premolars, and the presence of a second lower tril* ipolar, this group 



Fig. 1330. — The right lateral aspect of the s»kull of Pogonodon platycopis; from, the Miocene 
of l^rth America. About two-fifths, natural size. 2, 3, 4, Prcmolars ; i, True molar , /*6, 
Postglenc^ process, (After Cope ) 


exhibits the Viverroid feature of a talon, and sometimes an inner 
«isp {Hoplophoneus\ to the lower carnassial, and the general absence 
of the first lobe in the Corresponding upper tooth (fig. 1329). In 
several of the genera thl^ front of the mandibular symphysis is angu- 
lated and furnished with a descending flange, as in fig. 1330. In 
Hoplophoneus^ of which the entire skeleton has been described by 
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Messr%fccHt and On^born, the hallux was well developed, there is a 
distinct line in tlie sqapholunar indicating the boundaries of the 
l^pUKd and lunar, aiki lire femur has a third trochanter ; the two 
laat-namjK} features 4 l?hig regardW "by the above-mentioned author- 
ity^ as inherited from a Creodtmt ancestor. 

‘Turning to the true Cats ^ have, among existing forms, the 
Hunting-Leopard of India, forming the genus Cynceluruf; Vhich is 
distinguished % its non-n^ractile ciairf* it teay be represented 
in the Pliocaie of India. All the othct ‘‘(fats” may be included 
in the genus Felts, although some writers have proposed to split 
it up into several genera. This gemis is spread over the temperate 
and tropical regions of the greater part of the %;lobe. Although 
there are five digits in the manus, the hallux of the pes is reduced 
to a rudiment of its metatarsal ; the scapholunar has lost all 
trace of its primitive duality; and the third trochanter has like- 
wise disappeared the femur. The dental formula is usually 

X I ^ I 

/. P, C, - , Fff^ A/I - ; but in some instances there are only two 
3 I « I 

upper premolar% find occasionally there are three lower premolars as 
an abnormality. The upper carnassial fig. 1331) has three 



Fig. 1331. — Left lateral view of the dentition of the Lion {Felts leo). Reduced. 3d In- 
cisor , c, Canines; 2d, 3d, and 4th upper premolars ; w. True molars; /l, 3d and 4th 

lower premolars. 


lobes and a small inner tubercle ; while the corresponding lower 
tooth (ibid,, m) has no inner cusp or hind talon, although the latter 
is represented by a minute tubercle in the Lynxes. In Europe this 
genus makes its first appearance in the Middle Miocene of France, 
and in North America in the Upper Miocene or Lower Pliocecte 
Loup-Fork beds. 

In the Pleistocene of Europe we meet with remains which cannot be 
distinguished specifically from the existing Lion, although the fossil form 
has been named F. spelcea. Remains of the Leopard (F, pardus) also 
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occur in the Continental cave-deposits ; while in the corresponding de- 
posits of Gibraltar we meet with tne Pardine Lynx {F, pardina ) ; and in 
those of Bengal we find remains of the Jaguar {F. onca) Ocelot {F. 
pardalis\ which now inhabit?:,ihe same regions. In the Pliocene Siwaliks 



Fig. 1332. — Left lateral view of cranium (a), and larger view of an upper canine (n) of 
Meicharodus meganihtreum ; from the Upper Pliocene of France. Reduced. 


of India we meet with the huge F, cristata, which shows characters 
connecting it both with the Tiger and the Jaguar ; and also smaller forms, 
one of which appears to have been closely allied to the existing F. benga- 
lensis. In the Pliocene of North America large Cats were represented 


pm, 3 p 7 n, 4 w. I 
I ' ' 



Fig. 1333. — Outer view of the left ramus of the mandible of Machirrodus sivaUnsis ; 
from the Pliocene of India. One-third natural size. 


by F, augusM and F, atrox. In Europe, again, numerous species occur 
in»the Pucermi beds of Greece ; and we may also mention the compara- 
tively small F, arvernensis and F, issiodorensis^ of the F rench Pliocene, 
one of which probably also occurred in the corresponding deposits of 
Persia. 

The most remarkable of the true Cats are, however, the extinct 
Machaerodonts or Sabre-toothed Tigers, which are characterised by 
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the enormous development of the upper canines of the males, by 
,the presence of a deep descending flange in the mandibular sym- 
physis for the protection of the latter, the angulation of the 
anterior extremity of this symphysis; th% structure of the carnassial 
teeth being usually of the type of those of the existing Cats. In 
the type genus MachcErodus (fig. ^32), iKhich may be taken to in- 
clude Smilodon^ Drepanodon^ and Trucifelis^ there j^ree incisors 
in each jaw • fhe premolars in the upper jaw never eijceed two, and 
there may be either two or only one of 
these teeth in the lower jaw ; the latter 
variation occurring in different individuals 
of a single species. The upper carnassial 
(fig. 1334) is usually like that of Felis ; 
but in the South American M, neogcEus 
(fig. 1335) it has four distinct lobes, and 
is thus the most complex example of 
this type of tooth that is known. This 
genus ranges in time from the Quercy 
Phosphorites to, the Pleistocene, and is Fig. i334.-Orai aspect of the 
found in America, Europe, Persia, and 

India. The South American M. necator from the Pliocene of India, 

stands alone among the Felidm in having 

no foramen to the humerus. The last genus of the family 
is the curious Eusmilus, of the Quercy Phosphorites, in which 
there are only two incisors and 
one premolar in the mandible, 
and the descending flange of the 
symphysis of the latter is of enor- 
mous depth. The existence of 
this extremely specialised form 
at such an early epoch is note- 
worthy ; not less so being the 
total extinction of the Machaero- 
donts, which, it has been suggested, 
may be due to their excessive spe- 
cialisation having rendered them 
incapable of obtaining their sub- 
sistence. 

Suborder 3. Creodonta. — 

The members of the suborder 
Creodonta (or Carnivora Primi- 
genia) are all extinct, and their 

serial position has led to much discussion. By some authorities 
they have been classed with the Pcjilyprotodont Marsupials ; from 
which, however, they differ by the presence ^of a^complete milk-den- 



.— Right lateral view of the slcHF 



1450 


CLASS MAMMALIA. 


tition, by the reduced number of incisors, and the absence of the 
inflection of the angle of the mandible, and of palatal vacuities. 
By others they have been regarded as closely allied to certain fami- 
lies of the Insectivora, and, together with the latter, are classed as a 
section of a large and ill-defined order termed the Bunotheria; 
while a third writer ranks them as an order of equal value with the 
existing Insectivora and Carnivora. Their relationship appears, 
however, on the whole, to be decidedly nearest to the true Carni- 
vora, and they are accordingly here classed as a division of that 
order. They undoubtedly, however, exhibit affinities to the Insect- 
ivora, from which they are distinguished by the Carnivorous type of 
their incisors and canines ; while the remarkable resemblance ex- 
isting between their cheek-teeth and those of the Polyprotodont 
Marsupials is probably indicative of a distinct genetic relationship 
with that group. Mention has already been made of their resem- 
blances to the Condylarthrous Ungulates. 

The following are the chief characters of this suborder : The 
brain is of relatively small size ; the fourth upper premolar and the 
first lower true molar are not differentiated as an opposed pair of 
carnassials, but resemble more or less closely the tooth immediately 
behind or in front of them, which is either conical or of a more or 
less secant type ; and the upper true molars are either subtriangular 
or simply secant. The tibial face of the astragalus is, moreover, 
generally devoid of a groove ; the scaphoid and lunar are usually 
separate ; the femur has a third trochanter ; and the feet were plan- 
tigrade. In all cases where there is the full number of incisors, the 
second pair in the lower jaw is thrust up above the other two, as in 
so many of the Carnivora Vera. The structure of the cranium ap- 
proximates to that of Atnphicyon, 

Family HViENODONXiD^. — This family includes the most special- 
ised forms. The dentition (fig. 1336) is of a markedly sectorial 
type, the inner tubercle of the hinder upper cheek-tee^h being very 
small ; and there is no inner cusp to the lower true molars. In 
the type genus the scaphoid and lunar of the carpus were united. 

HycRTiodon has the dental formula /. C, Pm. M.- \ the 

31 4 3 

inner tubercle of the two upper true molars is almost wanting, and 
the third lower true molar differs from the two teeth in front (fig. 
1336), and somewhat resembles the carnassial of Felts. This genus 
n^cludes species varying in size from a Leopard {FT. horridu^ to a 
small Fox {H. vulpinus)^ and is widely distributed both in time and 
space. Thus it is found in Europe, and also in North America, 
where it ranges from the Upper Eocene to the Lower Miocene; 
while in India it survived into the Pliocene. One species has been 
found in the Upper Eocene of Hampshire. The species from the 
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Upper Miocene of North America is remarkable as being the only 
known Mammal, except certain Edentates and Cetaceans, in which 
the pterygoids unite beneath the nasal passage. One of the Euro- 
pean forms was originally described as Taxotherium. In the allied 
Pterodon^ which, together with Oxhycena, some writers refer to a 
distinct family, the third upper true molar is present, and has a 



Fig. 1336.— -Right lateral aspect of the dentition of Hytmodon horridus, wanting the teeth in 
advance of the second lower premolar ; from the Miocene of North America. Reduced. (After 
Leidy.) 

transversely elongated crown ; there may be either two or three 
upper incisors, and the first lower premolar is sometimes absent. 
The first and second upper true molars differ from those of 
HycBnodon by the large size of their inner tubercle, and the last 
true molar is like the second ; the cranium in many respects 
resembles that of Amphicyon, This genus is represented by 


« • 3 


Fig. 1337. — The left side of the miterior half of the palate of Oxkyitna gallitf . 
from the French Phosphorites. 



three comparatively large species from the Upper Eocene (Lower 
Oligocene) of Europe. An allied form, from the French Phos- 
phorites, has been named Pseudopterodon^ and connects the former 
genus with Theuritherium, The remarkable genus Oxhyana, of ^he 
North American Eocene and the French Phosphorites, has an elon- 

(2—3) 

gated mandibular symphysis, with the dental formula 7. ^ , 

the species figured in the woodcut having only 


C 


Pm. ■. 
I 4 2 
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two upper incisors. Protopsalis is another Eocene American genus ; 
while Hemipsalodon^ from the White River Miocene of Canada, is the 
largest form yet known in the suborder, and has the full typical 
Eutherian dentition. 

Family PROVivERRiDi®. — The members of this family (fig. 1338) 
are characterised by the large size of the inner tubercle of the upper 




m... 






Fig. X338. — Skull (tf, Of c) and tarsus yn of Prtnnverra Whitial from the Wasatch Eocene 
of Wyoming, U.S.A. Two-thirds natural size. 


tnfb molars, and by the presence of an inner cusp to the blade of 
those of the lower jaw. The type genus Proviverra {Cynohyanodon 
or Stypolophus) occurs in the Upper Eocene of both Europe and 
North America ; one of the European forms being from the Quercy 
Phosphorites. The skull (fig. 1338) is elongated, and the lower true 
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molars, which are differentiated into a blade and a hinder tuber- 
cular talon, closely resemble the lower carnassial of Dasyurus (fig. 
1145) among the Marsupials, and of Cynodictis and Viverra in the 
Carnivora Vera, and thus indicate how the latter group has in all 
probability been derived from a form allied to the present family ; 
the hinder lower molars of the Carnivora Vera having become 
tubercular and non-secant. Other members of this family found 
in the Lower, or Puerco, Eocene of North America are Deltatherium^ 
Chriacus^ and, according to Professor Cope, MiocloenuSy and prob- 
ably Triisodon and Onychodectes, Didelphodus^ from the higher 
Eocene of America, may also be placed here, as well as Quercy- 
therium, from the French Phosphorites, and perhaps Galefhylax^ of 
the Paris Eocene. Conoryctes and Hemiganus are allied Puerco 
types ; the latter being distinguished by the fusion of the roots of 
the upper true molars, and hence regarded by Professor Cope as the 
type of a distinct family showing signs of affinity with the Tillodontia. 

Family Arctocyonid^. — This family is typified by the genus 
Arctocyon^ of the Lower Eocene of France, with which may be 
classed Hyodectes and Heteroborus^ of the Lower Eocene of Rheims. 
Dr Schlosser suggests that Miodcenus should come in this family. 

Family MESONYCHiDiE. — The members of this family are short- 
jawed forms, usually having the typical number of teeth, which are 
less different than in the other families from those of the Carnivora 
Vera. The type genus Mesonyx^ from the North American Eocene, 
has a grooved astragalus ; and other genera which are referred to 
this family are Dissacus, Sarcothraustes, and Patriofelis^ from the 
latter area, and not improbably Theuritherium^ of the French 
Phosphorites. Dissacus has, however, no trochlea to the astragalus, 
and is therefore nearer to the Proviverrida, Ambfycfonus, of the 
North American Eocene, is an allied form with the astragalus not 
grooved, on which account it has been regarded as the type of a 
distinct family. Palceonictis^ of the Lower Eocene of France, may 
be allied. 

Family Uncertain. — A few genera cannot at present be defi- 
nitely placed. These comprise Thylacomorphus^ from the French 
Phosphorites, which it has been suggested may be identical with 
Proviverra ; and Dasyurodon^ or Apterodon^ from the Lower Mio- 
cene (Middle Oligocene) of Flonheim, which Dr Schlosser thinks 
may turn out to be the same as Oxkycena gallics, Dromocyon^ of 
the Bridger Eocene, is not improbably founded upon a very old in- 
dividual of Mesonyx ; while the imperfectly known Argillotheriunty 
from the London Clay, may prove to be identical with one of the 
American genera. Finally, it should be mentioned that Dr Schlosser 
would place in this suborder the genus Platychcerops^ which is here 
classed with the Tillodontia, 
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CHAPTER LXIII. 

CLASS MAMMALIA — continued. 

Orders Insectivora, Chiroptera, and Primates. 

Order IX. Insectivora. — The Insectivora are a group of small 
Mammals, not very readily defined from the characters of their bones 
and teeth. The teeth are well developed, and generally easily 
separable into the usual four divisions, although in certain cases the 
distinction between incisors, canines, and premolars is not very 
clear. The dentition is diphyodont and heterodont ; the cheek- 
teeth are always rooted, and their crowns carry a number of minute 
pointed cusps ; the crowns of the upper true molars being either 
subquadrangular or triangular in shape. The first pair of incisors 
in some cases are not in contact in the middle line ; and the canines 
are often weak. The zygomatic arches of the skull are usually either 
weak or entirely absent ; clavicles are present in all existing forms 
except Fotamogale ; in the carpus the scaphoid and lunar are 
separate ; the feet are usually either entirely or partially planti- 
grade, and their digits are generally five in number with the ter- 
minal phalangeals unguiculate, narrow, and subcylindrical. Certain 
Insectivores, such as the Moles and Gakopithecus^ are remarkable 
as being the only Mammals in which ossified vertebral intercentra 
are known to have been developed in the dorso-lumbar region. As 
a rule the humerus has a foramen. 

Fossil forms apparently indicate a relationship on the one hand 
with the Creodopt Carnivora, and on the other with the Lemuroid 
Primates ; those genera with square-crowned upper true molars ap- 
proximating to the latter group, while those in which the crowns of 
these teeth are triangular show the nearest affinity to the former. 
Dr Schlosser concludes, with great probability, that the Lemuroids, 
Insectivores, and Creodonts are all diverging branches from a 
common stock, which may also have given origin to the Condy- 
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larthrous Ungulates. The resemblance of the molars of Tupaia to 
those of the Marsupial genus Perameles^ and that between the same 
teeth in the Creodonts and the Dasyuridce^ further suggests the 
connection of this common stock with the ancestral types of the 
Polyprotodont Marsupials.^ The Insectivores agree with the Lemur- 
oids not only in dental characters, but also in the presence of 
clavicles, in their plantigrade feet, and the discoidal placenta ; and 
it is indeed quite evident that the ancestral stock of the Primates 
must have been provided with complete clavicles. 

This order may be divided into the suborders Insectivora Vera 
and Dermoptera. The former may be further subdivided into two 
sections, in the first of which the molars have broad and squared 
crowns, with their cusps frequently arranged like the letter W, while 
in the second section the crowns of these teeth are narrow and 
V-shaped, with the apex of the V directed inwardly (tritubercular). 
The Dermoptera, represented only by the volant genus Galeopi- 
thecus^ are unknown in a fossil condition. It should, however, be 
observed that this genus, although not on the direct line of descent, 
indicates the manner in which the Insectivores have become modi- 
fied into the Bats. The first section of the Insectivora Vera 
comprises the existing Tupaiidce^ Macroscelididc^y Erinaceidce^ So- 
ricidcB^ and Talpidce^ together with the extinct Microchosridce and 
Dimyiidce, 

Family TuPAiiDiE. — The Tupaias are small arboreal Insectivores 
confined at the present day to the Indo-Malayan region. The 
genus Farasorex, from the Middle Miocene of the Continent, has 

the dental formula I. C. Fm, M. and may be provision- 
ally placed in this family, although, according to Dr Schlosser, it 
approximates in several respects to the Macrosceiididce. There is 
one more upper incisor and one more premolar in each jaw than in 
Ttipaia^ and the last two premolars are somewhat more complex. 
The above-mentioned writer regards this genus as the representative 
of a group connecting the Tupaiidce of Asia with the Macrosce/ididce 
of Africa. An Insectivore from the Middle Miocene of Sansan, 
described as Lantanotherium^ is said to be very nearly allied to 
Tupaia, 

Family Erinaceid^. — Since the Macroscelididm are at present 
unknown in a fossil state, we may pass to the Erinaceidcz or Hedge- 
hogs. In the typical genus Erinaceus (fig. 1339) the dental formula 

1 I ^ * 

is Z , C , Fm, , M, ; the first pair of upper incisors are large, 
21 23 

^ On embryological grounds some authorities are disposed to regard the Mar- 
supials as being off the line of Eutherian ancestry ; but it must be borne in mind 
that the evidence only includes existing types. 
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and separated from one another by a space, the five succeeding 
teeth small and conical, the last premolar and the two first true 
molars broad and cusped, while the last tooth is very small ; and 
there is a vacuity on either side of the hinder part of the palate. 
The existing E. europceus has been found fossil in the Pleistocene ; 
a small species occurs in the Upper Miocene of CEningen, in Switzer- 



Fig. 1339. — Left lateral view of the skull of the Hedgehog {Erinaceus europaus). 

land, and others are found in the Middle Miocene of France. In 
the Lower Miocene of the same country occurs the genus PalcBoeri- 
naceus, distinguished from Erinaceus by the absence of vacuities in 
the palate, and the greater relative width of the latter. An appar- 
ently allied form from the French Miocene has been described by 
Gervais under the name of Erinaceus arvernensis, which is, how- 
ever, not the same as E. arvernensis of De Blainville. From the 
Quercy Phosphorites there have been obtained remains of other 
members of this family more nearly allied to the existing Gymnura 
of Madagascar, but presenting characters which also link them very 
closely with Erinaceus through Palceoerinaceus. These Quercy 
forms have been referred to three genera under the names of 
NeurogymnuruSy Cayluxotheriuniy and Coniphotheriuniy but it ap- 
pears probable that the second is a synonym of the first. The 

teeth of Neurogymnurus and 
Cayluxotheriun^ like those 
of Gymnuray but the palate 
has vacuities as in Erinac- 
eus ; Comphotherium is dis- 
tinguished by a cingulum to 

Fiff. 1340.— PalaUl view of the right upper cheek- the lower trUC molars, which 
Aentmon oi Microcharus erifuueus ; 

Eocene of Hordwdi. also occurs m Gymnura, 

Neurogymnurus has also 

been recorded from the Upper Eocene of Hampshire. 

1 [^AMiLY Microchcerid^. — The genus Microchoerus (fig. 1340), 
from the Upper Eocene of Hordwell, with which HeterohyuSy of 
the corresponding beds of France, may be identical, agrees with 
Erinaceus in showing an interval between the first upper incisors of 
either side, and may be provisionally placed in this order. It has 
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been regarded as allied to the Lemuroid Hyopsodus^ but Professor 
Osborn states that it is really very different. The dental formula 

may be given approximately as L C. - , Pm, M, - . The two 

r I r 3 

upper incisors have compressed crowns, somewhat like those of the 
two succeeding teeth ; but the last two premolars and the true molars 
have broad and flat crowns, carrying a number of small cusps. 

Family Dimylid^. — This family is proposed by Dr Schlosser 
for the genera Dimylus and Cordylodon ; two minute Insectivores 
from the European Miocene which appear to be related to the 
Erinaceidcd, 

Family Soricid^. — The Soricidm^ or Shrews, are readily charac- 
terised by their dentition, in which the first upper incisor is large 
and furnished with a basal tubercle, while between it and the last 
premolar there are a variable number of small incisors and premo- 
lars, together with the equally minute canine. In the mandible the 
number of teeth is always I. i, C. i. Pm, i, M, ^ ; the incisor being 
proclivous and much produced forwards, and the canine the smallest 
tooth of the series. Existing species of Sorex, and perhaps of Crosso- 
pus, occur in the Norfolk Forest-bed, while a species of the former 
genus, regarded as extinct, has been recorded from the Pleistocene 
breccias of Sardinia. Existing species of Sorex or Crocidura also 
occur in the caverns of Madras. Numerous forms have been re- 
corded from the Continental Tertiaries, ranging from the Miocene 
to the Quercy Phosphorites, some of which are referred to Sorex, 
while others, such as the Quercy species, have been regarded as 
generically distinct, and named Amphisorex, Dr Schlosser thinks 
that Orthaspidotherium and Pleuraspidotherium, mentioned on p. 
1288, might be placed here. 

Family Talpid^. — The Talpida, or Moles and Desmans, are 
closely allied to the SoricidcB, although easily distinguished by the 
non-production of the first lower incisor ; they are usually of fos- 
sorial, but in some cases are of natatorial habits. This family is 
divided into the Myogalinm and the Talpince ; in the former the 
humerus and clavicle being moderately elongated. In this sub- 
family the aquatic type genus Myogale, in which the dentition (fig. 


1341) is Z C , Pm, - , M, is represented in the Norfolk 
8 ^ 8 

Forest-bed by the existing Desman (M, moschata), of the rivers of 
Russia ; the fossil form having been originally described under the 
name of Palceospalax. Remains of this genus have also been Ob- 
tained from the Middle and Lower Miocene of France. Tetracus, 


from the Lower Miocene of Ronzon, near Puy-en-Velay, is a small 
Insectivore apparently presenting affinities both with Myogale and 
Erinaceus ; and allied to this genus are two other imperfectly known 
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forms from the French Lower Miocene, to which the names Echino- 
gale and Mysarackne have been applied. These genera, and per- 
haps the following one, seem to show indications of a transition 
between the existing members of the Erlnaceidce, Sorlada, and Tal- 
pidce ; and thus, together with the imperfect nature of the remains 

by which they are known, 
render the determination of 
their serial position a matter 
of great difficulty. The 
French Lower Miocene has 
also yielded the allied genus 
Fiesiosorex 1342), which 
appears to have belonged to 
the present subfamily, but 
is only known by the man- 
dible, in which there are ten 
teeth. The smaller Amphi- 
dozotherium^ from the Quercy 
Phosphorites, is said to be 
allied to the existing fossorial 
genus Urotrichus of Japan and North America. In the second 
subfamily, or Talpina^ in which the humerus and clavicle are of 
enormous relative breadth, the typical genus Talpa (fig. 1343) has 
the same dental formula as in Myogale, The common Mole, 7 ! 
europcea^ occurs fossil in the Norfolk Forest-bed, while a species 
from the Pleistocene breccia of Sardinia is regarded as peculiar, 

and named F tyrrhenaica. 
The genus itself is apparently 
as old as the Lower Miocene, 
although the species (T. tellu- 
ris) from the middle stage of 
that period has been distin- 
guished by some writers as 
Hyporyssus^ and the one from 
the lower stage ( 7 ! acutidens) 
as Geotrypus^ The Quercy 
Phosphorites have yielded a 
very closely allied form, which 
is, however, regarded by its describer as generically distinct, and 
named Protalpa cadurcensis. From the Eocene of North America 
an •allied genus has been described under the name of Talpavus; 
but the so-called Herpetotherium^ of the Miocene of the same 
country, which has been regarded as related to the Moles, is 
referred to Didelphys (fig. 1151, p.^281). 

^ Preoccupied by the Cole^tera. 



Fig. 1343. — Left ramus^ of lower jaw of Plesio- 
sar€X soricinfftd.es, wanting the last true molar 
and the teeth between the first incisor and the 
fourth premolar ; from the Lower Miocene of the 
Auvergne. Twice natural size. (After De Blain- 
ville.) 



Fig. 1341. — Palatal view of right upper and lower 
dentition of Myogale moschata. Europe. 
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Family Adiposoricid^. — This family contains the minute Adipo- 
sorex and Adiposoriculus^ from the Lowest Eocene of Rheims, which 
Dr Schlosser regards as related to the Shrews, but forming a distinct 
family, attaining a higher degree of development 

Family LEPTicriDiE (IcxopsiDiE). — The second section of the 
Insectivora Vera includes the recent families PotamogalidcB^ Soleno- 
dontida^ Centetidce^ and €hrysochlorid(B ; and we may provisionally 
place in the same neighbour- 
hood the family Leptictidce of 
the North American Eocene 
and Miocene. The latter 
forms are regarded by Dr 
Schlosser as true Insectivora, 
although they were placed 
by Professor Cope near the 
HycenodontidcB. The family 
includes the genera Leptictis^ 

Mesodectes, Ictops, and per- . , . , . . 

. 7 i 1343* — Lateral view of right dentition of the 

naps (jrCOtCLOlS, ISloX^^Talpaeuropcea). Enlarged. 

Finally the names Cente- 

todon^ Entoniodon^ Entomacodon^ Centracodon^ and others have been 
applied to the remains of small entomophagous mammals from the 
Lower Tertiaries, of which the serial position is doubtful. 

Order X. Chiroptera. — The Chiroptera are characterised by 
the fact that the anterior limbs are longer than the posterior, the 
digits of the fore limb, with the exception of the pollex, being enor- 
mously elongated (fig. 1344). These elongated fingers are united 
by an expanded membrane or patagium, which is also extended 
between the fore and hind limbs and the sides of the body, and in 
many cases passes also between the hind limbs and the tail. The 
patagium thus formed is naked, or nearly so, on both sides, and 
serves for flight. In the manus the pollex, and sometimes the next 
digit as well, is unguiculate, or furnished with a claw ; but the other 
digits are destitute of nails. In the hind limbs all the toes are 
unguiculate, and the hallux is not in any respect different from 
the other digits. Well-developed clavicles are always present, and 
the radius has no power of rotation upon the ulna. The four 
kinds of teeth are always present (although the molars are aborted 
in Desmodus\ and the dental formula is never known to exceed 

/. C. Pm. ^,M.k • 

3133 ... 

This order, which is evidently a branch from the Insectivorous 
stock, is divided into the suborders Megachiroptera and Micro- 
chiroptera. The former, wli|gh is characterised by the possession 
of smooth cheek-te^th, marJWl^l^^ a longitudinal groove, comprises 
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the Pteropodida^ or Fruit-bats, and is unknown in a fossil condition. 
In the latter, which comprises all other Bats, the teeth are covered 
with minute pointed cusps; nearly all the species being of com- 
paratively small size. The most remarkable feature presented in 
the past history of this order is the occurrence of forms closely 



Fig. 1344.— Skeleton of the Mouse-coloured Bat {Vesperiilio murmui). Humerus; 
Scapula ; < 7 , Radius, with the rudimentar>' ulna at its proximal end ; e, Carpus; /, Pollex ; g 
MetacarpaU ; s x, Sterfium ; >, Pelvis ; /, Supplementary bone attached to the calcaneum. 

alliSd to those of the present day as low down as the Bridger 
Eocene of North America, which indicates that the characteristic 
features of the order were probably acquired at a period not 
later than the Lower Eocene or Cretaceous epoch. The following 
families of Microehiropterditoz^ be noticed : — 
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Family RniNOLOPHiDiE. — In the existing genera of this family 

II 2 'Z 

the dental formula never exceeds / C, Pm. M. and the 

21 3 3 

nose carries a peculiar leaf-like expansion. The type genus Rhin- 

olophusy in which the dental fonnula is as above, is represented in 
the cave-deposits of Europe by remains of existing species. Two 
Bats, from the Upper Eocene Phosphorites of France, have been 
referred to this genus under the names of R. dubius and R. anfiquus, 
but the latter species is regarded by some authorities as entitled to 
generic distinction, and the term Psmdorhinolophus has accordingly 
been proposed for its reception. AlastOTy from the same deposits, 
is an extinct genus characterised by the extreme shortness of the 
nasal region and other features of the skull. Paiceonycteris, from 
the Lower Miocene of France, is stated to be allied to Rhinolophus, 


but the premolars are and the limb-bones are said to resemble 
3 

those of the South American Molossus. Phyllorhinay in which the 
(1—2) 

premolars are ^ , is represented by the living oriental P. diadema 

in the Pleistocene cave-deposits of Madras, and perhaps by a species 
in the Quercy Phosphorites. 

Family Vespertilionid^. — In the Vespertilionida the nose does 
not carry a distinct follicular appendage, the number of incisors is 
(1—2) 

usually , and in some genera there are three premolars in each 

3 

jaw. Of PlecotuSy the existing P. auritus occurs in the cavern- 


deposits of Europe. 
2 


VesperugOy with incisors usually ~, and pre- 
molars is perhaps represented in the Upper Eocene of the Paris 
2 

basin by the well-known V. parisiensisy which appears closely allied 
to the existing V. serotinay although generically separated by some 
writers under the name of Nyctitherium. This genus has also been 
described from the Eocene of North America, where it is repre- 
sented by several species, ranging as low down as the Bridger 
horizon, some of which have been described under the name of 
Nyctitherium. Nyctilestes serotinus, from the same deposits, is the 
type of an allied genus. Remains of the existing V. noctula (fig. 
1345) occur in the English Pleistocene. In the type genus Vesper- 

tilio the dental formula is I. C. Pm. M. The existi&g 

31 3 3 

V. murinus occurs in the cave-deposits of France, and a considerable 
number of species have been referred to this genus from the Middle 
Tertiaries of the Continent, but the gene»c reference must be con- 
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sidered in some instances as open to doubt. Among these may be 
mentioned V, murinoides^ from the Middle Miocene of France, and 
F. precox and F. insists, from the Lower Miocene of Germany. 
A Bat from the Quercy Phosphorites originally named F Bour- 
guignati has been made the type of a distinct genus VespertiliavuSy 



Fie. 1345. — V'espentgo uoctulaA Skull, m .q.ula, .m.l fore and hind limbs ; from a fis.sure 
in the Mendip lillls. 


and differs from Vesperiilio in the proportions of the premolars. 
Remains of numerous existing members of this family have been 
recorded from European caverns. 

Family EMBALLONURiDit:. — This is an extensive family showing 
great variation in the number of the teeth, and mait^y charac- 
terised by the nose and muzzle being devoid of expansions, and 
by certain peculiar features connected with the tail. All its 
members at the present day are confined to tropical and sub- 
tropical regions. In Taphozous^ of which the dental formula is 


II 23 

/ C. Pm, A/] remains of the existing T, saccolcemus occur 
21 23 

in the cave-deposits of Madras ; and Dr Weithofer considers that 
certain humeri from the Quercy Phosphorites may indicate the 
occurrence of this genus in the Upper Eocene. In the Brazilian 
cave-deposits we meet with remains of a Moiossus {Dysop€s\ prob- 
ably identical with the living M. Temmincki of the same region. 
Family Phyllostomatidae. — The last family is that of the Phyl- 


^ In the previous edition this figure was wrongly named F. parisUnsU, 
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lostomatidce^ now confined to tropical America, and distinguished by 
the presence of cutaneous expansions in the nasal region, as well as 
by a peculiarity in the number of the digits of the manus. In this 
family the existing Vam- 
pyrus spectrum^ having the 
2 I 

dental formula L G. 

2 3 " ^ 

Pm. ' , AT. together with 

3 3 

several undetermined spe- 
cies of Phyllostoma (fig. 

1346), in which the pre- 
molars are occur in the 
2 

cave - deposits of Brazil. 

Curiously enough the man- 
dible of a large Bat, from 
the Quercy Phosphorites, 
described under the name of Necromantis, appears to indicate the 
occurrence of this family in the European Eocene. 

In conclusion it should be observed that Professor Cope thinks 
that a small Mammal from the Miocene of North America, which 
he has described under the name of Domnina^ may possibly belong 
to the Chiroptera. 

Order XL Primates. — This, the highest order of Mammals, 
comprises the Lemurs, Monkeys, Baboons, Apes, and Man. The 
digits are unguiculate, and usually five in number ; and in existing 
forms, with the exception of Man, the hallux is opposable to the 
other digits. The pollex may be wanting, but when present is 
usually opposable to the other digits of the manus. The dentition 
is diphyodont and heterodont. In the existing and the allied extinct 

2 

and the true molars (with the 
The crowns of the cheek- 


Fig. 1346. — Lateral view of the skull of the Javelin 
Bat {Phyllosioma hastahtm) 


genera the incisors are usually 


exception of the Hapalidce) in number. 

3 


teeth are, moreover, always adapted for grinding, and those of the 
true molars generally consist of four tubercles, or cusps, which may 
either be simple, or modified so as to form imperfect transverse 
ridges or crescents ; but some extinct types have tritubercular upper 
molars. ^ 

The structure of the premolars is always simpler than that of 
the true molars ; and in many Lemuroids the anterior lower pre- 
molar assumes the form and functions of a canine, as in the Coty- 
lopida (fig. 1347)* All existing forms have the orbit entirely sur- 
rounded by bone ; while complete clavicles are present, and there is 
VOL. n. 2 o 
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no entepicondylar foramen to the humerus, nor a third trochanter 
to the femur. The terminal phalangeals of the digits are flattened. 
In the soft parts there is a discoidal placenta, as in the Insectivora. 

In our present state of knowledge, it is difficult to draw a line 
between the more generalised fossil representatives of this order 
and the Insectivora. Some remarks on the probable origin of the 
Primates have been already made under the* head of the last-named 
order, while others are added below. 

Suborder i, Lemuroidea. — The existing members of this 
group differ in many respects from the following suborder, but at- 
tention may be directed mainly to certain osteological and dental 

characters. Thus the 
skull (fig. 1347) has 
a somewhat produced 
muzzle ; the orbits are 
not closed behind by 
bone, but open freely 
beneath the post-orbital 
bar into the temporal 
fossa ; and the lachry- 
mal foramen is situated 
on the outer surface of 
the skull, instead of with- 
in the orbit. The nostrils 
have a peculiar twist on 
the outer side. The incisors vary much in the different families, 
but they are frequently separated in the middle line, and are usually 

- in number, although they are reduced to - in Chiromys; those of 
2 I 

the lower jaw being frequently procumbent. Canines are present 
except in Chiromys, The number of premolars varies from 

* in Chiromys to - in the extinct Adapis^ but is generally either 
o 4 

^ or - ; while frequently the second lower premolar is larger than 
2 3 

either of the following teeth. The outer tubercles of the upper true 
molars (fig. 1349) are laterally flattened, while the inner ones form 
imperfect crescents ; and in the lower molars the tubercles like- 
wise form a pair of imperfect crescents. The second digit of the 
peS has a long claw-like nail, but all the other digits have nails ; the 
digits themselves being five in number, and the long pollex being 
generally opposable. The brain has but few convolutions, and the 
cerebellum is only partially covered by the cerebrum. 

Many of the foregoing characters are common to other orders, 



Fig 1347. — Left lateral aspect of the skull of the Slow 
Loris {Nycticehus tardtgreuins ) ; from the Malayan re- 
gion. The tusk-like tooth in the lower jaw is the second 
premolar. (After Giebel.) 
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such as the Insectivora. In the case of fossil forms it appears, in- 
deed, that the Lemuroids can only be distinguished from the Insec- 
tivores by the absence of the cleft in the terminal phalangeals of the 
digits, so that when these are unknown it is frequently* very difficult, 
if not impossible, to determine to which order such forms should be 
referred. Since, moreover, as we have stated under the head of the 
Insectivora, it is probaUle that Insectivores and Lemuroids are de- 
scended from the same ancestral stock we must expect to find the 
characters common to the two groups increasing in importance and 
number as we recede in time. By Professor Cope the Lemuroids 
are, however, regarded as closely allied to the Condylarthrous Un- 
gulates ; and that writer proposes to brigade together the Primates, 
Condylarthra, and Hyracoidea under the common name of Taxeo- 
poda ; the Condylarthra being regarded as the ancestral type. Now 
although we may be prepared to admit the derivation of the Condly- 
arthra from the common stock which gave origin to the Insectivora 
and Primates (see p. 1455), yet the apparent absence of clavicles in 
all the known representatives of that group renders it at least pre- 
mature to say definitely that it gave rise to the Primates. At the 
present day Lemuroids are confined to the warmer regions of the 
Old World, being especially characteristic of Madagascar and certain 
parts of Africa. The recent forms are divided into the families 
Lemuridce^ TarsUdm^ and Chiromyidce, 

Family HvopsoDONTiDi®. — This family name was proposed by 
Dr Schlosser ^ for the reception of certain North American Eocene 
forms now looked upon by most writers as undoubted Lemuroids, 
although some of them have been classed among the Insectivora. 
The most generalised form is Pelycodus^ from the Eocene of New 
Mexico, at one time regarded by Pro- 
fessor Cope as an Insectivore allied to 
Tupaia, Dr Schlosser states that it pre- 
sents some affinity to the Insectivorous 
Microchcerus^ which he places in the same | 

family. Hyopsodus (fig. 1348), of the b ^ ! ^nng^ 

American Eocene, has the dental formula 

/. C. Pm. -y M. the third upper Fig. 1348.— Palatal view of the 

2 1 4 3 left upper (a) and lower (/Ocientition 

premolar is as well developed as the Am^riU^Afur 

second, by which character it is readily Cope.) 
distinguished from Microchmrusy to which • 

it has been compared. Several species have been described, of 
which one comes from the Lower or Puerco Eocene, while the others 
are from the higher Wasatch and Bridger horizons. Mtcrosyops is 

^ Wrongly given as Hyopsodida. 
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an apparently allied form from the North American Eocene said 
to have only three premolars. In Felycodus the hallux was not 
opposable. There are a number of other names which have been 
applied to American forms of uncertain position, but since the 
synonymy is very complex nothing would be gained by quoting 
them here. 

Family Lemurid^c. — Passing to Lemur'Oids more closely allied 
to existing forms those extinct genera may first be noticed many of 
which exhibit the generalised feature of having four premolars in 
either jaw, on which grounds, coupled with certain slight differences 
in the form of the lower premolars, Dr Schlosser regards them as 
constituting a distinct family — the Adapida, We may, however, 
provisionally follow Professor Flower in including them in the Lemu- 
ridcB^ of which they will form the subfamily Adapince, The best 
known of these forms is the type genus Adapts {Aphelotherium^ or 
Pal(polemur\ from the Upper Eocene (Oligocene) of both France 

and England, in which the dental formula is /. ?, C. ^ , Pm, \ 

2143 

the upper molars being of a quadritubercular type. The last upper 
premolar is as complex as the true molars, which (fig. 1349) re- 
semble those of Lepidolemur and 
Hapalemur^ while the skull makes 
the nearest approach to that of 
Propiihecus, It has, indeed, been 
suggested that this and the allied 
genera show certain relationships 
to the Anthropoidea which are not 
seen in existing representatives of 
Fig. i349*~-PaiataUspect of the left upper the subordcr I but their alleged re- 
Upper Eocene of Hampshire. lationship to the bunodont Artio- 

dactyla does not appear to be sub- 
stantiated. The imperfectly known genus CcBnoJnthecus from the 
Upper Eocene of Switzerland is regarded by Dr Schlosser as iden- 
tical with Adapis, although Professor Riitimeyer considers that it is 
allied to the American Pelycodus, From the Eocene of North 
America we have the two nearly related genera Tomit?ierium and 
Notharctus, The former (with which Limnotherium of Professor 
Marsh is identical) is distinguished by the single roots to the pre- 
molars, and by the development of a third lobe to the last lower 
tn|e molar. Notharctus agrees with Adapts in the presence of two 
roots to the premolars, but has a larger lower canine. Thinolestes 
and Telmatoiestes are probably allied to or identical with the pre- 
ceding genera ; both being from the American Eocene. 

Turning to the more typical representatives of the family, in which 
at least the upper premolars do not exceed three, we have the small 
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Necrolemur from the French Phosphorites, the dental formula of 

which Dr Schlosser gives as C. Pm. M, or the same as 

in the existing Tarsius, although he suggests that in some cases 
there may have been four lower premolars. The skull resembles 
that of the living genus Galago of Africa, both in size and structure, 
as is especially shown bj^ the prominent auditory bullae. The upper 
molars are also like those of one species of that genus, although the 



Fig. 1350.— Cranium of Anaptonto^hus kotnunculus i from the Wasatch Eocene of North 
America, a. From the left side; Oblique view; <r, From above; d. From below (enlarged). 
(After Cope.) 

last premolar is distinguished by having only one outer column, and 
is accordingly simpler than the true molars. In this respect Necro- 
lemur agrees with Chtrogaleus of Madagascar. 

PlesiadapiSy from the Lower Eocene of Rheims, may be provision- 
ally placed here. Anaptomorphus.^ from the Middle Eocene of 
North America, of which the cranium and mandible are shown in 
the accompanying figures, seems to be allied to Necrole?nur^ but has 
two lower incisors, and the upper premolars are unusually complex 
and approach those of the Anthropoidea. The upper molars are 

tritubercular ; and Professor Cope gives the dental formula as / 

C. Pm. M. Cynodontomys is an imperfectly known genus 
123 

from the Wasatch Eocene ; and Mixodectes an older one from the 
Puerco or Lower Eocene of North America. Dr Schlosser also re- 
gards the American Eocene genus Omomys as allied to Necrolemur^ 
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although it was considered by Professor Cope to be more nearly 
related to Hyopsodus, Lemuravus^ of the American Eocene, may 
perhaps belong to the preceding division of this family. 

The total absence of remains of Lemuroids from the Miocene of 



Fig. 1351. — Left ramus of the mandible of Anaptomorphus crmulu^ wanting all the teeth ex- 
cept the last premolar and first two true molars ; from the Bridget Eocene of North America, 
tf, Outer; Inner; c, Upper; Lower view. Twice natural sue. (After Cope.) 


Europe and North America points to their early disappearance from 
those regions. 

Suborder 2. Anthropoidea. — In all the known members of 

"2 

this suborder the number of the incisors is - ; the upper ones being 

always in contact in the middle line, and the lower ones not pm- 
jecting forwards to any great extent. The orbit is completely 
closed behind by bone; and the lachrymal foramen opens within 
its cavity. The pollex is short, and the second digit of the pes has 
a true nail. This suborder may be divided into the Platyrhine and 
Catarhine sections. In the former, which is confined at the present 
day to South America, the structure of the cheek-teeth is inter- 
mediate between that obtaining in the Lerauroidea i nd the succeed- 

ing section. The premolars are always - in number, but the true 

3 

* 2 *1 
molars «Jtey be either - {Hapalidce), or ^ {Cebidce)\ and the last 

lower true molar has a small hind talon. The nostrils are simple, 
widely separated, and placed nearly at the extremity of the snout. 
The pollex is either absent, or, if present, is not opposable ; and 
there are other characteristic external features. 

^e genus Laopithecus^ from the Miocene of North America, has 
been referred to this section, but its dentition approximates to that 
of the early Lemuroids, and its position must be regarded as 
unsettled. 

Family Hapalid^. — In the Marmosets, which are nearest to the 
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Lemuroidea, two species of Hapale have been recorded from the 
cave-deposits of Brazil, one of which is regarded as extinct. 

Family CEBiDiE. — The Brazilian cave-deposits have also yielded 
remains of various Cebidce referable to the existing genera Callithrix^ 
CebuSf and Mycetes; several of which appear indistinguishable from 
species still inhabiting the same region. A monkey allied to Mycetes^ 
but of larger size thar^ any existing species, has been referred to a 
distinct genus under the name of Protopithecus. 

Catarhine Section. — In this section, which comprises the three 
families Cercopitheeidce^ Simiidce^ and HominidcE^ the number of the 

2 X 

cheek-teeth is always Pm, M. , and the crowns of the true molars 

2 3 

are either transversely ridged or simply tubercular. The nostrils 
are straight, and placed close together, and their septum is narrow. 
In all except Co/obus, where it is absent, the pollex is opposable to 
the other digits. The tail is never prehensile, and may be wanting ; 
while cheek-pouches and ischial callosities are often present. With 
the exception of one species, which occurs at Gibraltar, all the exist- 
ing Cercopithecidm and Simiida are confined to Asia and Africa. 

Family CERCOPiTHECiDiE. — In this family, which includes most 
of those Old World genera commonly termed Monkeys and Baboons, 
the tubercles of the true molars are developed into a pair of imper- 
fect transverse ridges, and the third lower true molar has a hind 
lobe or talon. It has been stated that the genus Colobus occurs in 
the Miocene of Bavaria, but the specimen on which this determina- 



Fig. i35». — Left lateral view of the skull of Cynoce^halus ursinus; Recent. Africa. Reduced. 

tion was made really belongs to the Artiodactylate genus Cebochcm^us, 
The somewhat widely spread genus Macacus is represented in t^ 
Pliocene Siwaliks of India, and also in the Upper Pliocene of the 
Continent and the Pleistocene of India ; one of these continental 
species having probably been described under the name of Aulax- 
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inus. The Asiatic genus Semnopithecus is known by remains of 
existing species in the Indian Pleistoc^ie, and by extinct forms in 
the Siwaliks of the same country, and ako in the Lower Pliocene of 
France and Italy. Mesopithecus^ from the Lower Pliocene of Greece 
and Hungary, is an extinct genus allied in cranial characters to 
Semnopithecus^ but in the structure of the limbs approximating to 
Macacus. The genus Cynocephalus, now ''onfined to Africa, and 
characterised by the long and projecting facial region and the nearly 
vertical position of the orbits (fig. 1352), is found fossil in the Plio- 
cene Siwaliks of India, and in the Pleistocene of Southern India and 
Algeria ; and thus indicates the intimate relations of the Indian, and 
African faunas. Oreopitkecus^ from the Middle Miocene of Italy, 
was probably allied to the preceding genus, but only an immature 
mandible is known. 

Family Simiid^. — In the Simiidce^ which includes the Gibbons, 


Orangs, Chimpanzees, and Gorillas, the tubercles of the cheek-teeth 
(fig. 1353) are low and blunt, and the angles of their crowna Ire 

V more or less rounded off, and the 

third low'er true molar has no hind 
talon. The canines are large, and 
the hallux is opposable. The Gib- 
bons are represented te a fossft state 
in the Pleistocene of JBomeo by a 
species of Hylobates^ and by another 
from the Middle Miocene of France 
which may be included in the same 
genus, although ieparated by mtag 
under the name of Fliopitkicus. 
Dryopithecus^ from the |diddie Mio- 
cene of France and the Lower 
Miocene of Hessen-Darmstadt, was 
a large Ape of the size the Chim- 
panzee, but with teeth resembling 
Fig. 2353.— Palatal aspect of the man- thosc of the Gorilla. Lastly, the 

Pliocene Siwaliks of India have 
yielded a species of Antkropopithe- 
cus {Troglodytes) apparently closely allied to the existing African 
Chimpahzep ; while there are also indications in the same deposits 
of a species of the Malayan genus Simia (Orang). A skull of the 
existing species of ^tnia is shown in woodcut, fig. 1354. 

Family HoMiNiDiE. — The last and highest family of the class 
0iftiprises only Man {Homo\ and requires but little notice in this 
work. It may, however, be observed that the teeth form a nearly 
even horse-shoe-shapeS serial, v?ithout any diastema or marked 
increase in the size of the canine, and are thus in striking contrast 
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to those of the Simiidm (compare a and b in fig. 1354) ; although 
their number and structure jwre identical. The skull is also remark- 
able for the great relative size of the cranial, and the shortness of 
the facial portion. 

Matf has certainly existed throughout the Pleistocene period, and 
thet-e is also evidence of his presence at the epoch of the St Prest 
beds of the south of France, which are equivalent to the Norfolk 
Fprest-bed, and are referred by some authorities to the base of the 
Pleistbcene, and by others to the top of the Pliocene. Somewhat 
doubtful evidence of his existence in the true Pliocene of Italy has 



‘ Fife, 1354.— Left lateral view of the skull of (a) the Orang {Simia) and (b) a European. 

, * Reduced. 

> 

been brought forward ; and it has been asserted that a skull found 
in Cala\)^ras founty, in the United States, is from Pliocene beds. 
In the latter instance, however, some authorities doubt whether the 
skull in question was really obtained from these beds, while others 
consider that the beds themselves are not earlier than the Pleisto- 
cene. Far stronger proofs than those hitherto brought forward 
must be forthcoming before the alleged existence of Man in the 
Middle Miocene of France can be accepted. The evid^hc^s of his 
existence in the Recent period belong rather to the domain of the 
archaeologist and ethnologist than to that of the palaeontologist. 

In conclusion, it may be mentioned that Professor Cope regards 
the Homini 4 (B as having originated independently of the other An- 
thropoidea from a Lemuroid stock; but much more conclusive 
evidence than that yet adduced is necessary to support this vim. 
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CHAPTER LXIV. 

CLASSIFICATION AND GENET A L SUCCESSION 
OF PLANTS IN TIME. 

The department of Palaeontology which deals with the relations of 
Plants to time is usually spoken of under the name of Palaeobotany 
or Palaeophytology, and is one of wide extent and great complexity. 
To render adequate justice to the vast body of knowledge which has 
been accumulated as to the past history of plants, an amount of 
space much exceeding that available in the present work would 
be required. Moreover, the subject is one which cannot be 
thoroughly dealt with except by a specialist, and which, in itself, is 
of less importance to the general geological student than is Palaeo- 
zoology. For these reasons, nothing more will be attempted here 
than to give an extremely brief and entirely general sketch of the 
past distribution and succession of the chief types of plant-life ; the 
extinct groups being treated with somewhat greater detail than those 
now in existence. In most cases, however, no description of the 
characteristic structures of the different groups " can be given ; nor 
is it possible to introduce so much as a sketch of the general mor- 
phology of plants. For such the student must be referred to works 
devoted to structural Botany, to which he must also look for the 
meaning of such technical terms as are here made use of. 

CLASSIFICATION. 

As regards the classification of Plants, the following table shows 
the leading groups into which the existing members of the Vege- 
table Kingdom are divided : — 
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KINGDOM VEGETABILIA. 


SUB-KINGDOM iL--THALLOPHYTA. 

BESlEff I.— ALO.S. 

Class i. Diatomace^ . . . Dw-toms. 

„ 2. PHYCocHROMOPHYCiE . Desmids. 

,, 3. Fu CACE;€ .... Sea- weeds. 

„ 4. CHLOROSPOREyE . %. Siphonea. 

,, 5. Floride^ . . . Red Sea- weeds, Corallines, and 

Nullipores, 

,, 6 . Charace^e . . . Charas. 

SERIES n.— FXJNOJ. 

This series includes the Lichens [Lkhenes) and the true Fungi, the latter 
being split into several divisions which need not be inserted here. 

SUB-KINGDOM B.-^CORMOPHYTA. 

SERIES I.— BR70FH7TA (Anogeni). 



Class i. Musci . . . . Mosses. 

,, 2. HepatiCvE . . . Liverworts. 

SERIES IL— PTERIDOPHTTA (AcrogenB). 

fit ASS I. FiLICACEiE. 

Order i. Stipulate. 

a, Ophioglossea . . . Adders’-tongues. 

b, Marattiacea . . . Marattia. 

Older 2. Filices . . . Ferns. 

Order 3. Rhizocarpe.® . . Rhizocarps. 

Class 2. Equisetaceas . . . Horsetails. 

Class 3. LycopodiacevE. 

Order i. IsosporE/E {Dic/iotoma). 

a. Lycopodea . , . J 

b. Psilotea . . . . > Lycopods. 

r. Phylloglossea . . .1 

Order 2. HeterosporEvE {Ligulaks). 

а, Selaginellea . . . I u 

б . IsJea: . . . . j Club-mosses. 



, 8ESIES in.— FHANEBOOAUE. 

# I ^ 

t%ASS I. GVMNOSPERMEiE. 

Order i. CvcADACEiE . . Cycads. 

Order 3. Conifers . . Conifers. 

Order 3 . ONETACEiE . . Welwitschia. 

Class 2. ANGiospERMEiE. 

Subclass I. MONO(^TVL/E(Endo. j 

,, 2 . DicotylvE (Exogens) Ros^fiiiUercup, Dandelion, &c. 


The above classification is, in the maii^Jjls^bne adopted by Pro* 
lessor Thisdeton Dyer, although a less complex, arrangonent of the 
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Thallophytes has been adopted. The divisions of the Fungi, as 
being of no importance to palaeontologists in the present state of our 
knowledge, Jhave likewise been omitted ; as, also, have been several of 
the groups of the Algae. In oM«^ botanical systems, plants, in place 
of being ranged into the two primary divisions of Thallophytes and 
Cormophytes, were separated into “ Cryptogams ” and “ Phanero- 
gams,^^ the limits of thesefold divisions being indicated in the margin 
of the above table ; and it will still be sometimes convenient to 
employ the former term as a collective name for the non-flowering 
plants. Similarly, the Cryptogams were formerly divided into Thal- 
logens, Anogens, and Acrogens ; and we still very generally meet 
with the two latter terms (the position of which is indicated in 
brackets in the table) in geological works, where the expression 
“ Age of Acrogens has become almost classical. It is, however, 
very inadvisable to retain for geological purposes a classification 
abandoned by the more advanced botanists ; and we shall therefore 
adopt the names Bryophytes and Pteridophytes in place of the older 
Anogens and Acrogens. 

The Thallophytes are cellular plants not distinctly differentiated 
into stem and leaf ; the being distinguished from the Fungi 

by the presence of chlorophyll. The Bryophytes, while still wholly 
cellular, may have distinct stems and leaves ; while the Pteridophytes 
are partly (Composed of cells and partly of long tubes or vess^s, and 
are thus fitted for the attainment of considerable dimensions. The 
Phanerogams are like the Pteridophytes in being vascular plants^ 
but differ from all the preceding groups in developing flowers, which 
in turn produce seeds containing an embryo. The series of the 
Phanerogams is again divided into the Gymnosperms, with naked 
seeds not enclosed in fruits, and the Angiosperms, in which true 
fruits enclose the seeds. This latter group is further divisible into 
two sec^ons, known, from the number of the seed-leaves, as Mono- 
cotyledons and Dicotyledons. In the Monocotyledons the embryo 
has only a single seed-leaf or cotyledon, and the stems grow from 
within and show no rings of growth ; the name of ‘‘ Endogens ” 
applied to the group being based on this latter feature. In the 
Dicotyledpns, on the other hand, the embryo has two seed-leavis or 
• cotyledons ; and the group is sometimes spoken of as that of the 
“ Exogens, since the stems (as in the Gymnospenns also) grow |Vom 
without, with the formation of distinct rings of growth. 

General ^V^^cession of Plants in Time. 

As in the Animal so among plants there appears to be 

a general corresponddHiecoetween relative rank in the scale of organ- 
isation and. the ordej^of appearance in time. Thus, as Sir William 
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Dawson observes, the oldest plants that we as yet certainly know 
are Algae, and with these there are plants apparently with the struc- 
ture of Thallophytes, but the habits of trees, which for want of a 
better name I may call Protogens ” [Nematodendreae]. Plants 
akin to the Rhizocarps also appear very early. Next in order we 
find forests in which gigantic Ferns, Lycopods, and Horsetails pre- 
dominate, in association with Pines. Succeeding these we have a 
reign of Gymnosperms ; and in later formations we find the higher 
Phanerogams dominant. Thus there is an advance in elevation and 
complexity along with the advance in geological time, but connected 
with the remarkable fact that in earlier periods low groups attain to 
an elevation unexampled in later epochs, when their places are 
occupied with plants of higher types.” ^ 

The age of Algae and Nematophytes corresponds with the earlier 
portion of the Palaeozoic period, while Pteridophytes, with some 
Gymnosperms, are the dominant forms of the later Palaeozoic de- 
posits. The Mesozoic period may be termed the “ Age of Gymno- 
sperms,” while the Angiosperms assume the leading place in the 
Tertiary. The floras of the great geological periods, however, shade 
gradually into one another, and no hard-and-fast lines can be drawn 
between them. Thus, we have already seen that Gymnosperms 
make their first appearance in the Upper Palaeozoic rocks, these 
ancient types being the precursors of the characteristically Gymno- 
spermous flora of the Mesozoic period. In a similar manner the 
Upper Cretaceous flora, by its great development of Angiosperms, 
is more nearly related to the Tertiary than to the preceding Jurassic 
flora. Moreover, the evolution of the flora of different regions of 
the earth by no means advanced pari passu with the evolution of 
the fauna — a striking example of this fact being afforded by the 
Lower Gondwana beds of India and the equivalent deposits of 
Australia, in which, reckoning from a European staiidpoint, we find 
a full-blown Mesozoic flora coexisting with a Palaeozoic fauna. 

Taking a brief historical retrospect of the distribution of plants in 
time, we have no direct evidence of the existence of vegetable life 
during the period represented by the Archaean rocks. There is, 
however, a strong probability in favour of Sir William Dawson’s 
view that the extensive accumulations of graphite associated with 
the Laurentian limestones of Canada are really of the nature of 
metamorphosed vegetable matter, or that they have been derived 
iiV the first instance from plants. In deposits of Cambrian age 
most of the supposed remains of plants belong to the obscure and 
difficult group of fossils commonly spoken of as '•‘Fucoids^” and 
supposed to be referable to the Sea-weeds. So far a^the ^^^jifoids ” 

^ Some slight verbal alterations have been made in this 
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of the Cambrian rocks are concerned, there is every probability that 
we have to deal entirely with the tracks and trails of marine animals, 
or with impressions of a purely inorganic character. Thus, the 
Cambrian fossils referred to such genera as Cruziana and Bilobites 
are most probably the tracks of Annelides, or the filled-up burrows 
of Crustaceans. The fossils from the Cambrian rocks of Sweden 
described under the naihe of Eophyton^ and at one time supposed 
to be the remains of land-plants, are almost certainly not of a vege- 
table nature. As previously pointed out (p. 209), strong evidence 
has been brought forward by Nathorst in favour of the view that the 
striated markings of Eophyton are really produced by the trailing of 
the tentacles of Jelly-fishes over the surface of soft sediment. Lastly, 
the so-called Oldhamia of the Cambrian rocks (p. 205) has been 
regarded as an Alga, but it may have been produced by animal 
agency, or it may be wholly inorganic. 

From strata of Ordovician age many supposed plants have been 



Fig. X3SS * — Licmthycus Ottawaensis^ a supposed Fucoid" from the Trenton Limestone 
(Ordovician) of Canada. (After Billings.) 

descnSSllt the great majority of these have been referred to the 
Alg(B^ and^i})|V(p»been regarded as the remains of Sea-weeds. Most 
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of these so-called “ Fucoids ” are wholly destitute of carbon, and 
are almost certainly not of a vegetable nature. Many of these 
supposed Sea-weeds — such as those referred to the genera Palcto- 
chorda and Crossopodia (the Crossochorda of Schimper) — present 
themselves as simple, often sinuous or convoluted, raised markings 
on the surface of muddy or arenaceous sediments. Such markings, 
as specially insisted on by Nathorst, always ’occur in demi-relief on 
the under surfaces of the beds in which they are found ; and this 
fact would strongly support the view that they are really the casts of 
the trails of marine animals such as Worms or Molluscs, such trails 
presenting themselves as depressed impressions on the upper sur- 
faces of the strata. Raised impressions on the under sides of the 
strata, but branched, are not uncommon, and upon these have been 
founded such genera as Licrophycus (fig. 1355). These curious 
fossils may be regarded as probably of the nature of filled-up worm- 
burrows, rather than as mere surface-trails. 

On the other hand, some of the so-called “ Fucoids ” of the 
Ordovician, as also of the Silurian rocks, appear to be truly the 



Fig. 1356. — Buthetrephis graalii^ Hall; a “ Fucoid” from the Trenton Limestone 
^ (Ordovician) of Ottawa. (Original.) 


remains of marine Algce. This is the case, for example, with some 
of the fossils which have been referred to the genus Buthotrephis of 
Hall. The types in question (fig. 1356) present themselves as 
compressed, branching impressions, sometimes showing leaf-like 
extremities, and occasionally distinctly carbonaceous. 
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' In addition to the Ordovician rocks have yielded a few 

unquestionable plant-remains which are regarded by Dawson as 
probably having been of a higher grade. Thus, the Frotannularia 
of the Arenig rocks of Britain, and the Sphenothallus of the Cin- 
cinnati group of North America, are provisionally referred to the 
Rhizocarps ; while the Protostigma of the latter formation is looked 
upon as possibly allied fo the Lycopods. 

In the Silurian rocks we meet with various Sea-weeds of an appa- 
rently unquestionable character, and along with these are found the 
remains of plants of a higher t3q)e. The most abundant of these 
belong to the genus Psilophyton^ regarded by Dawson as forming a 
connecting link between the Rhizocarps and the Lycopods, The 
Glyptodendron of the Clinton beds may perhaps be related to Lepi- 
dodendron^ but the supposed Silurian fern, described under the name 
of Eopteris^ is not truly organic. Lastly, in the Silurian rocks are 
found the first traces of the singular tree-like plants originally de- 
scribed by Dawson under the name of Prototaxites^ but now termed 
Nimatophyton, The characters of this will be briefly noted imme- 
diately ; but it may be mentioned here that the curious spore-like 
bodies, which have been described from the Silurian rocks under 
the name of Pachytheca^ are regarded by Dawson as not improbably 
belonging to this plant. 

In the Devonian rocks, as more especially shown by Sir William 
Dawson, we have evidence of an abundant flora, consisting of both 
aquatic and terrestrial plants. Of the Devonian fossils which have 
been referred to the Algce^ the most singular is the genus Spirophy- 
ton^ comprising certain broad, spirally twisted impressions, which are 
very abundant in some of the lower beds of the Devonian series of 
North America. Similar impressions — often spoken of under the 
name of “ Cauda Galli^^ — occur in the Lower Carboniferous rocks of 
Europe ; but their real nature is not free from doubt. We may also 
notice here the highly remarkable tree-like plants for which the 
genus Nematopkyton {Prototaxites) has been proposed by Dawson, 
since these cannot at present be definitely referred to any recog- 
nised group of existing plants. According to Dawson, the plants in 
question (fig. 1357) are “trees of large size, with a coaly bark and 
large spreading roots, having the surface of the stem smooth or 
irregularly ribbed, but with a nodose or jointed appearance- In- 
ternally, they show a tissue of long, cylindrical tubes, traversed by a 
complex network of horizontal tubes, thinner-walled and of smaller 
size.” The tubes appear to be arranged in concentric zones, out 
the plant was not truly exogenous, and it is doubtful if a genuine 
bark was present The systematic place of Nematophyton is un- 
certain, but the balance of evidence would seem to be in favour of 
its reference to the Thallophytes, and it is regarded by Daw^son as 
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the type of a special group, for which he has proposed the name of 
Nematadendrem, The same authority is of opinion that the minute 
globular bodies to which the name of Pachytheca has been given, 



, Fig.1357.-A, Trunk of Nematopkyion {Prototaxites) Loganu 18 inches in diameter, as seen 
in the elm near L’Anse Brehaut, Gospd ; B, Two of the tubular cells forming the tissue of the 
stem, highly magnified. Lower Devonian, Canada. (After Dawson ) 


may perhaps have been the fruit of Nematophyton. As previously 
noted, the genus occurs also in the Silurian rocks. 

Coming to higher plants, the Rhizocarps are represented in the 
Devonian flora by such types as Sphenophyllum and Psilophyton^ 
the latter showing affinities with the Lycopods. Moreover, some of 
the Devonian shales of North America are crowded with minute 
globular thick-walled bodies (fig. 1358), of a diameter of one- 
hundredth of an inch or more, which Dawson regards as being 
probably of the nature of the “macrospores'’ of plants allied to 
the Rhizocarps. These were originally described under the name 
of Sporangites Huronensisy but they are now referred by Dawson 
to the provisional genus Protosalvinia. Similar bodies have been 
shown to (xxur, often in vast numbers, in shales of Carboniferous 
age irf both North America and Europe, and even some coals 
appear to be largely made up of structures of a similar nature. 

Of still higher groups of plants, the Devonian rocks have yielded 
the remains of Ltpidodendron and Sigiliaria, representing the Lyco- 
pods, and of early types of Calamites, representing the Horsetails ; 
while true Ferns, some of which attain considerable dimensions, are 
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present in comparative abundance. Lastly, the Gymnosperms are 
represented by the woody trunks of Conifers {Dadoxyion). 

The Carboniferous deposits are remarkable for the richness of 
their contained flora, as also for the extensive development of beds 
of workable coal. The predominant plants of this period belong to 
the groups of the Pteridophytes and Gymnosperms. The former 
are represented by types belonging 
to the Rhizocarps, the Ferns, the 
Lycopods, and the Equisetacece ; 
though in many cases the Car- 
boniferous plants referred to these 
groups exhibit quite peculiar char- 
acters, and their precise affinities 
are not always clear. The Rhizo- 
carps are represented by the ancient 
genus Sphenophyllum and by the 
macrospores of Frotosalvinia, The 
latter sometimes occur in vast num- 
bers in the shales of the Carbon- 
iferous period, and occasionally play 
an important part in the formation 
of coal, though this must be re- 
garded as exceptional. The Lycopodiacea are represented by the 
genus Lycopodites^ but the most remarkable members of this series 
in Carboniferous times are the tree-like Lepidodendroids {Lepido- 
dendron^ &c.) The great group of the Sigillarioids {Sigillaria, &c.), 
likewise comprising comparatively gigantic plants, is also usually 
regarded as belonging to the series of the Lycopods, and is highly 
characteristic of the Carboniferous deposits. The Equisetacecr^ 
again, are largely represented in Carboniferous times by the re- 
markable and widely distributed group of the Calamites. Lastly, 
the Carboniferous rocks have yielded the remains of a large 
number of true Ferns, which, in most essential respects, are similar 
to the existing types of the group. 

No unquestionable Angiosperms have hitherto been detected in 
rocks of Carboniferous age, but the Gymnosperms are represented 
by various Conifers {Dadoxylon^ Araucarioxylorty and Finites), 

It is universally admitted that coal is fossilised vegetable matter, and 
also that, in general, the vegetation which formed the coal grew where 
the coal-seam is now found. The problem of the precise mode in which 
the coal-seams of the Coal-measures were formed is largely a geological 
one, and need not be discussed here. It is sufficient to say here that 
coal is the result of the bituminisation of vegetable tissues of differpt 
kinds, different coal-seams, or different portions of a single seam, being 
often unlike in their precise structure or mode of formation. According 
to the researches of Sir William Dawson, the microscopic examination 



slice of shdle from the 
Devonian rocks of Kettle Point, Lake 
Huron, showing the “macrospores” of 
Protosalvinia, magnified. (Original ) 
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of coal by means of thin sections shows that the “ mineral charcoal ” of 
an ordinary bituminous coal is woody tissue and fibres of bark. The 
coarser and more laminated portions of the coal are made up of “ a con- 
fused mass of fragments of vegetable matter belonging to various descrip- 
tions of plants.” The shining and brilliant layers of coal represent the 
bark of Sigillarioids or Lepidodendroids preserved in a flattened condi- 
tion. Certain coals, or parts of certain coals may, further, be extensively 
composed of the macrospores or microspores of various Carboniferous 
Cryptogams ; but it does not appear that coals are generally made up 
of such spores for any considerable portion of their mass. Lastly, the 
microscopical structure and chemical composition of the “ cannel-coals,” 
would show that these are “of the nature of the fine vegetable mud 
which accumulates in the ponds and shallow lakes of modem swamps.” 

The flora of the Permian period is, on the whole, nearly related 
to that of the Carboniferous. The Sigillarioids appear now to have 
become extinct, but the Lepidodendroids seem to have survived 
into the earlier portion of the Permian period, while the Calamites 
are represented by the genus Arthropitys^ and die out at this stage. 
No undoubted Permian Angiosperms are known, but Conifers are 
tolerably abundant. Of the latter the genus Voltzia^ which survives 
into the Trias, is an old type of the Taxodinece ; while Walchia 
connects the Yews with the Araucarias ; and the genus Ullmania is 
of interest as producing true cones. 

As regards the Mesozoic period, the predominant forms of plant- 
life in the Triassic, Jurassic, and Lower Cretaceous rocks are Cycads 
and Conifers ; and the name of “ Age of Cycads ” has sometimes 
been given to the Mesozoic period, as regarded from a botanical point 
of view. Ferns, however, occur abundantly in the earlier Mesozoic 
deposits (Triassic and Jurassic rocks), and true Equiseta make their 
appearance in the Upper Trias. The first unquestionable remains 
of Monocotyledonous Angiosperms present themselves in the Meso- 
zoic period, the Podocarya and Kaidacarpum of the Jurassic rocks 
appearing to be referable to the Screw-pines (Pandanacece), True 
Palms do not appear till the Middle Cretaceous period is reached, 
but a few remains of Dicotyledonous Angiosperms have been 
detected in the Lower Cretaceous deposits of Greenland. 

While the Lower Cretaceous rocks must be associated botanically 
with the Jurassic and Triassic, the Upper Cretaceous deposits, on 
the other hand, are characterised by a flora similar to that of the 
Tertiary period. From the point of view of the palaeobotanist, 
therefore, the line of division between the Mesozoic and Kainozoic 
epochs falls to be drawn in the middle of the Cretaceous system. 
■\^h the coming in of the Upper Cretaceous period, in both the Old 
and New Worlds, a remarkable change takes place in the characters 
of the plant-life of the land, the Cycads now assuming a position of 
comparative insignificance, while the Dicotyledonous Angiosperms 
undergo a great development and become the dominant forms. 
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Not only are the ordinary Exogens now the leading forms of plant- 
life, but many of the Upper Cretaceous types belong to genera now 
existing. We may therefore regard the Upper Cretaceous period as 
marking ‘‘ the advent of the modern flora of the temperate regions 
of the earth” (Dawson). It follows that the Tertiary floras, regarded 
generally, more or less closely resemble those now in existence, this 
resemblance being especially shown in the fact that the predominant 
forms of plant-life are now the Angiosperms, and, more particularly, 
the Dicotyledons. 
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CHAPTER LXV. 

ALGjE and fungi 

The plants included in the great series of the Thallophyta are 
separable into the two primary divisions of the AlgcB and Fungi, 
and are characterised by the fact that they are composed of cells, 
without true vascular tissue. They may be either unicellular or 
multicellular, the organism in the latter case forming an expansion 
or “ thallus ” which is not differentiated into stem, leaf, and root. 
In the lower Thallophytes reproduction may be wholly non-sexual ; 
but in the higher forms sexual reproduction takes place, the result 
being the formation of a spore, or a group of spores, or a fructifica- 
tion within which spores are produced. 

Series I. Alg^. — T he group of the Algce includes unicellular 
or multicellular Thallophytes in which chlorophyll is developed in 
larger or smaller quantity. They vary extremely in form, and are 
for the most part inhabitants of water, both fresh and salt. The 
Alg(B may be divided into the following six classes, viz. : — 

Class 1. Diatomacese . . . Diatoms. 

„ II. Phycochromophycse . Desmids. 

„ III. Fucaceae . . . Brown Sea-weeds. 

„ IV. Chlorosporeae . . CymopoUa, &c. 

„ V. Florideae . . . Red Sea-weeds, Nullipores. 

„ VL Characeae . . . Chara and Nitella. 

As regards the general distribution of the Alg<B in time, many 
forms are quite incapable of preservation as fossils, while others can 
only be preserved under specially favourable circumstances. In 
certain groups, however, the organism may secrete a siliceous en- 
velope, or its tissues may undergo calcification, while others become 
encrusted with carbonate of lime. Such forms readily admit of 
petrifaction, and unquestionable remains of these occur in the fossil 
state. Apart from these undoubted fossil Alga, numerous markings 



ALG^. 


9841 


and impressions in rocks of all ages, and especially in the older 
strata of the earth*s crust, have been regarded by palaeontologists as 
the remains of Sea-weeds. The characters and probable mode of 
origin of many of these so-called “ Fucoids have been already dis- 
cussed in a general way (see p. 483 and pp. 1481, 1482). It is suffi- 
cient to say here that many of the fossils in question may be safely 
regarded as not belonging to the vegetable kingdom, but as being 
rather of the nature of the tracks and trails of Worms or Molluscs, or 
the burrows of Annelides or Crustaceans ; while others are of purely 
inorganic origin. Some “ Fucoids,” on the other hand, such, for 
example, as some of the Tertiary or Secondary fossils referred to 
Chondrites^ may really be the remains of Sea-weeds. Even, however, 
in cases where there is a reasonable probability that these so-called 
“ Fucoids ” are really Sea-weeds, it is nevertheless impossible to de- 
termine definitely to what group of the Algce they belong, since the 
fructification of the plant is not known. In the following brief 
account, therefore, of the past history of the Algce^ only those groups 
will be treated of which are of palaeontological importance. 

Class I. Diatomace^e. — The Diatoms are unicellular Algce^ in 
which the cell-wall is hardened by the deposition of silica so as to 
give rise to a glassy case or “ frustule,” composed of two halves 
which fit into one another, and which are often minutely sculptured 
with lines or dots (fig. 1359). The cells may be solitary, or they 



Fig. 1359. — Types of Diatoms, greatly nu^nified. Navtcula, from the Ki«elguhr of 
Franzenbad ; by ActinoHyckusy from Richmond, Virginia ; c, Ptnnularia, from Santafiora, 
Italy; d, AchnaniheSy from Degemfors, Sweden; DiAtomay recent; fy Tricerattum, from 
the guano of Saldanba Bay, Africa. 


may be organically united in rows. Reproduction takes place by 
the longitudinal fission of the cell, each of the daughter-cells carry- 
ing off half of the original cell-wall, and producing the missing half 
afresh, the two halves of the siliceous case being thus of different 
ages. 

The existing forms of the Diatoms are exceedingly numerous, aM 
have an extraordinarily wide distribution. A few live in moist 
situations, but the majority are truly aquatic, inhabiting fresh, brack- 
ish, or salt waters, peculiar types usually being confined to a special 
habitat. By the accumulation of their flinty envelopes the Diatoms 
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give rise, both in the sea and in fresh waters, to very extensive 
deposits, the general nature of which is that of affine siliceous mud, 
sometimes arranged in thin laminae. Of this nature are the deposits 
known as “ Kieselguhr,” “ Bergmehl,” “ Tripoli, and “Polir- 
schiefer,’* or, simply, as “ Diatomaceous Earths.” Such deposits 
may cover wide areas, and may attain a very considerable thickness ; 
and, under an erroneous idea as to their true nature, they have been 
sometimes spoken of as “ Infusorial Earths.” 

As regards their distribution in time, the cases of Diatoms have 
been stated to occur in the ashes of the coal of the Coal-measures, 
but this observation has not been supported by subsequent investi- 
gations. In the Middle and Upper Trias whole strata are some- 
times largely made up of elongated, parallel-sided, siliceous tubes, 
with flattened sides and rounded ends, which have been described 
under the generic name of Bactrynium^ and which may possibly be 
Diatoms. If this be their real nature, they are comparatively gigan- 
tic members of the class, as they attain a length of from two to four 
millimetres. Leaving these problematical fossils out of sight, un- 
doubted Diatoms occur in the Upper Chalk, though only a few 
forms are known. The regular “ Diatomaceous Earths ” are all of 
Tertiary or Post-Tertiary age ; and among the best known deposits 
of this epoch may be mentioned the numerous beds of “ Kieselguhr” 
which occupy the sites of ancient lakes in various regions in the 
northern hemisphere, the “ Richmond Earth ” of Virginia, the 
“ Tripoli ” of Oran in Africa, and Bilin in Bohemia, and the lami- 
nated “ Polir-schiefer ” of Cassel. 

Class II. PHvcocHROMOPHYCiE. — The AlgcB included in this 
class are unicellular or multicellular, usually bluish-green in colour, 
and inhabit water or live in moist places on land. Reproduction 
takes place by cell-division, or by the formation of asexually-produced 
cells (“ gonidia”). The integument is not hardened by the deposi- 
tion of silica within it. In this class are included numerous widely 
distributed forms of the Alga^ such as the Oscillarice^ the Nostocs, 
and the Desmids. Owing to the soft nature of their outer covering, 
no undoubted remains of this class of Aigce have been detected in 
the fossil condition ; but remains of Nostoc are said to occur in strata 
of Tertiary age, and the curious spherical and spined bodies which 
are known as Xanthidia^ and which are sometimes recognisable 
under the microscope in thin sections of flint or chert, have been 
supposed to be the spores of Desmids. 

•Class III, FucACEiE. — This class includes the common brown 
Sea-weeds, and comprises forms which are often of considerable size 
and of various shape. The thallus is often foliaceous and much 
branched, or may be more or less filamentous. The reproductive 
organs are developed in special cavities or conceptacles.” The 
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integument is not hardened by the deposition of lime or flint. Cer- 
tain Tertiary fossils have been described by palseobotanists as be- 
longing to this group of Sea-weeds, but the nature of many of these 
is very doubtful. 

Class IV. CHLOROSPOREiE. — This class includes a number of 
green or olive-coloured Algae, which live in the sea or in fresh waters, 
and which reproduce therrfcelves by cell-division or by the develop- 
ment of spores in special cavities, while swarm-spores occasionally 
exist. The only group of this class which attains sufficient palaeon- 
tological importance to require special notice is that of the Siphonea 
verticillatce. This family includes green-coloured marine Algae, in 
which the thallus consists of a single cell, which may or may not be 
hardened by the deposition of carbonate of lime in its wall. The 
single cell which constitutes the entire plant may be of gigantic size, 
comparatively speaking, and may be simple or branched. At its 
base the cell sends out root-like prolongations, by means of which 
it is attached to foreign bodies ; while its ascending portion gives 
origin to whorls of lateral tubular processes. Reproduction takes 
place by the development of swarm-spores in special cavities or 
chambers. The few living forms of this family (Cymopolia^ Neo- 
men’s, Acetabularia, &c.) are inhabitants of warm seas ; and with 
these must be associated an extensive series of fossil types, which 
have been commonly regarded as referable to the Foraminifera or 
the Corals, and the real nature of which was first demonstrated by 
Munier-Chalmas. 

As above p)ointed out, the thallus of the Siphonece verticillatce 
may be simple or dichotomously branched, and consists of a single 
axial cell, which is fixed to foreign bodies by root-like basal exten- 
sions. The unicellular, often divided, axis gives out at intervals 
whorls of short tubular processes (fig. 1360, b), the point of origin 
of each whorl being commonly marked by a constriction of the stem. 
In some cases in Ovulites and Diplopord) the primary whorled 
processes do not subdivide ; but in others (e.g., in Cymopolia) the 
primary offshoots (fig. 1360, c, c) divide again into secondary pro- 
cesses, some of which (b') are sterile, while others (a) are connected 
with reproduction. The sterile offshoots terminate in free extremi- 
ties which are often dilated and club-shaped, and by their apposi- 
tion give rise to a porous superficial layer. The fertile offshoots, on 
the other hand, constitute spherical sporangia (a), which are wider 
than the sterile processes, and are at the same time supported upon 
shorter stalks. 

In many forms, both the axis and the verticillate processes derived 
from it secrete a thick calcareous crust. Where the lateral whorled 
offshoots are simple (as in Diplopord), the calcareous crust has the 
form of a simple thickened cylinder, traversed by transverse tubes. 
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which correspond with the lateral processes, and open by pores upon 
the surface. On the other hand, where there are two orders of 
lateral offshoots (as in Cymopolia\ a double calcareous cylinder is 
produced, the inner one corresponding with the axis and the primary 
whorled processes, while the outer one is formed by the confluent 
clavate ends of the secondary processes. The spherical sporangia 
may also become calcified, and may present themselves as rounded 



Fig. 1360. — Cymo^Ua barbata (^C. rosarium), from the Canary Islands (Recent), a, A 
specimen of the natural size, showinsr the divided thallus ; b. Transverse section through a seg- 
ment of the stem, showing a whorl of lateral processes, of which some are sterile and some 
fertile ; c, Part of the same whorl enlarged still further, showing the primary lateral processes (c), 
giving off sterile offshoots (jt), and spherical sporangia (a). (After Schimper and Zittel.) 


cavities in the skeleton. Finally, the cylindrical skeleton may be 
composed of annular segments or may be undivided, according as 
the axial cell is, or is not, constricted at intervals. In the former 
case, the segments are often readily capable of separation, and in 
fossil examples often present themselves as detached calcareous 
rings. 

When the calcareous skeleton is all that is open to our inspection, 
as in fossil specimens, the transverse canals with their superficial 
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pores, corresj^nding with the ld.ter£il whorled processes, nia,y very 
readily be mistaken for the tubes of polypes or the chambers of 
polythalamous Foraminifera ; and the fossil forms of the family were 
until recently regarded as referable to the animal kingdom. It was 
first shown by Munier-Chalmas (“Comptes rendus,” tom. Ixxxv. 
p. 814, 1877) that the supposed Foraminifera described under the 
names of Dactylopora ani Ovulites were really referable to the Alga, 
and that, along with many other types, they belonged to the group 
of the SiphonecB verticillatce, Palseontologists, in fact, are now 
acquainted with an extensive series of fossil forms of this remark- 
able family of Alga, which not uncommonly give rise to very con- 
siderable rock-masses, and thus become of geological importance. 
The oldest type of the Siphonea verticillata is apparently the Calo- 
trochium of the Middle Devonian of the Eifel ; though the nature 
of this fossil is not absolutely certain. The Carboniferous Limestone 
of England also sometimes contains numbers of small calcareous 
cylinders, with a porous surface, which are probably referable to this 
family ; but further investigation is needed before this can be posi- 
tively asserted. It is, also, not impossible that the organism de- 
scribed by De Koninck from the Carboniferous Limestone of Bel- 
gium, under the name of Monticulipora inflata — which likewise 
occurs in the same formation in Britain, and sometimes attains a 
considerable size — may really be a peculiar type of the Siphonea. 
Apart from the above, the first undoubted appearance of forms of 
this family is in the Permian rocks, in which the genus Gyroporella 
is found. It is, however, in the Upper Trias that the maximum 
development of the Siphonea verticillata takes place, the limestones 
of this period being often essentially made up of the cylinders of 
Gyroporella and Diplopora, as occurs, for example, in the Bavarian 
and T5n*olese Alps. Various forms of the group also occur in the 
Jurassic and Cretaceous rocks, while there are numerous Tertiary 
types ; but the family is at the present day represented by but a few 
species, and the range of these is very limited. 

Among the more important types of the Siphonea verticillata 
which occur in the fossil state are species belonging to the genera 
Cymopolia, Larvaria, Dactylopora, Gyroporella (with Diplopora), 
and Uteria. In Cymopolia (fig. 1360) the thallus is branched, and 
is covered with a hollow calcareous crust, the surface of which shows 
close-set pores. The lateral processes, sterile and fertile, are devel- 
oped in whorls, separated by vacant nodes. A living species of this 
genus is found in the seas of the Canary Islands and West Indies ; 
while the calcareous cylinders of fossil forms occur not uncommonly 
in the Eocene Tertiary, and were originally described under the name 
of Dactylopora. The genus Larvaria is nearly allied to Cymopolia, 
and likewise includes forms — such as L, eruca (fig. 1361, a) and 



1494 


THALLOPMYTES. 


L, annulus (fig. 1361, b) — which were originally described binder 
the name of Dactylopora, Existing forms of Larvaria are known, 
and fossil types occur commonly in the Eocene Tertiary, often in 
the form of separate segments of the calcareous cylinder. Dactylo^ 
pora^ as now restricted, includes Eocene and Miocene types, and is 
also closely allied to CyniopoUa. Gyroporella (including Diplopora) 
comprises types in which the skeleton has ^he form of a short calca- 
reous cylinder (figs. 1361, e-g), from one to six millimetres in dia- 
meter, with two or more rows of pores on each segment of the §tem. 
This genus begins in the Permian rocks, and is so enormously 



Fig. 1361. — A, Larvaria {Dactvlo/tora) (recent) magnified 30 diameters, and viewed from 
the mner face ; B, Larvaria {Dactylopora) annulus^ from the Eocene Tertiary, magnified 40 
diameters, viewed in profile, and showing two superimposed rings ; c, The same viewed from 
above and similarly magnified • d. Part of the cylinder of Dactylopora reticulata (Tertiary), 
viewed in profile, and similarly enlar^d ; f. Fragment of Muschelkalk, with tubes of Gyroporella 
cylindrica, of the natural size; f. Transverse section of a tube of the same, enlarg^ed 10 dia- 
meters ; G, Vertical section the same, enlarged 12 diameters. (Figs, a-d are after Carpenter ; 
figs. E-G are after GCUnbel.) 


developed in the Trias of Southern Germany and Switzerland as to 
give rise to massive and widespread beds of limestone. A species 
of this genus also occurs in great numbers in the Cretaceous series 
of the Southern Lebanon Mountains. In the genus Ovulites, again, 
the skeleton usually presents itself in the form of a small, ovoid or 
clrfvate, calcareous body, enclosing a single chamber, with regularly 
disposed superficial pores, and often perforated at both poles. Such 
a body is really a single joint of the stem of the original plant. The 
species of Ovulites are found in deposits of Eocene and Miocene 
age. Lastly, in the genus Uteria^ the skeleton consists of branched, 
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cylindrical calcareous steins, which readily separate into their compo- 
nent segments. Each segment is hollow, with smooth or radiately- 
striate articulating surfaces at its ends ; the inner and outer walls 
being porous, and the space between these being vacant. The 
detached segments of Uteria occur commonly in the Eocene deposits 
of the Paris basin. 

Class V. FLORiDE^ik — This class includes a large number of 
marine and a few freshwater Algm^ which are in general red or 
violet in colour. The thallus is very variable in form, and is often 
much branched. Reproduction may be sexual or non-sexual. In 
the former case fertilisation is effected by means of non-motile 
antherozooids, the result being the conversion of the female organ 
into a receptacle, or cystocarp,^’ within which spores are formed. 
Non-sexual reproduction is effected by means of special cells 
(“ tetraspores developed in parts of the thallus. 

With regard to their distribution in time^ a few types of the ordi- 
nary Red Sea-weeds (De/esseria, Sphoerococcites^ &c.) have been re- 
cognised as occurring in the older Tertiary deposits. With these 
limited exceptions, all the fossil forms of this class belong to the 
Corallines and Nullipores {Corallinece\ in which the thallus is hard- 
ened by the deposition of carbonate of lime. The principal genera 
of the family of the Corallines are Corallina^ Melobesia^ and Litho- 
tharnnion. 

In Corallina, the thallus is erect and branched, and is composed 
of rounded or wedge-shaped calcareous segments, which readily 
separate from one another. The fructification consists of “ cysto- 
carps,” which are immersed and have an aperture at their summit. 
The “ Corallines ” are exceedingly abundant in existing seas, but 
little is certainly known of their occurrence in the fossil condition. 
They are, however, stated to occur in the Eocene beds of the Paris 
basin. 

In Melobesia the calcareous thallus is crust-like and foliaceous, 
and is attached by the whole of its lower surface to foreign bodies. 
The superficial layer of the stony crust is composed of minute 
cubical cells, but the deeper cells are elongated. The “cystocarps” 
are immersed within the thallus, and project above the surface as 
wart-like tubercles. Melobesia has not been clearly recognised in 
the fossil state, though it is not improbable that it will ultimately be 
found to occur even in the Palaeozoic rocks. 

In connection with Melobesia a few words may be said about ^ the 
curious little calcareous bodies known as “ coccoliths,” since it has been 
suggested by Carter that these are connected with the reproduction of 
Algae belonging to this genus. Coccoliths are excessively minute cal- 
careous bodies, of a discoidal form, which are found in the mud of the 
deep sea at the present day, often in great numbers. Similar bodies 
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occur abundantly in the White Chalk, and Giimbel has shown that they 
are present in many limestones, even in those of the older Palaeozoic 
formations. Two distinct forms of coccoliths are known, which have 
been described by Huxley under the names of ‘‘ discoliths ” and cyatho- 
liths.^’ The former of these (fig. 1362, a) are minute calcareous discs, 
averaging to inch in diameter, provided with a raised rim on 
one side {d and and having a central corpuscle or nucleus. The 



Fig. 1362. — Coccoliths and coccosphere. «, A “discolith ” seen in front view ; b and c, “ Dis- 
coliths ” viewed edgeways; “Cyatholith” seen in front view, showing the outer transparent 
zone, the inner granular zone, and the central corpuscle ; “ Cyatholith” seen in profile ; yj A 

“ coccosphere.” All the figures are greatly magnified. (After W. B. Carpenter and Wyville 
Thomson.) 


“ cyatholiths ” vary from to inch in diameter, and when viewed 
sideways (fig. 1362, e) are seen to have the form of a shirt-stud, and to 
consist of two concavo-convex calcareous discs, of which one is smaller 
than the other and is united to the concavity of the larger by a short 
stalk. When viewed in front {d), the cyatholith presents itself as an oval 
or circular body, composed of two concentric zones surrounding an oval 
central corpuscle, the inner of the two zones being more or less distinctly 
granular, while the outer one is transparent. Cyatholiths occur in vast 
numbers in the mud of the deep sea in their detached condition, but they 
are also found aggregated into spherical masses, which may reach 
inch in diameter, and are known as “ coccospheres ” (fig. 1362, /). The 
precise nature of the coccoliths and coccospheres is at present uncertain ; 
but it has been suggested by Carter that the “ coccospheres ” are con- 
nected with the reproduction of species of Melobesia. 

The only remaining genus of the Corallinece which demands con- 
sideration is Lithothamnion^ under which are included the well- 



Fig. i2^$.'--Lith0ikam»ion ramosissimum^ a “Nullipore,” from the “ Leitha-Kalk ” of the 
Vienna basin, a, Portion of a mass, of the natural size ; b and c, Transverse and vertical sec- 
tions of the same magnified 340 diameters. (After Gfimbel.) 


known and widely distributed calcareous Algm which are commonly 
spoken of as Nullipores/' and which are exclusively marine in 
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habit. The thallus of the Nullipores is highly calcareous and of 
stony hardness, and it may be en- 
crusting, botryoidal, stalactitic, or ‘ 
bushy in form (fig. 1363). As re- 
gards the microscopic structure of 
the calcified thallus, the outer layer 
is formed of hexagon*! or quad- 
rate cells of very small size, while 
the cells of the interior are oblong 
in shape. The fructification con- 
sists of “ cystocarps,” scattered 
through the thallus, and either im- 
mersed or projecting as tubercles. 

As regards the distribution of 
the genus in time, the remains of 
species of Lithothamnion are found 
in vast numbers in various Tertiary 
formations, often giving rise to — 

massive limestones, such as the (Te;§aryf'f;;m'“hT 

Leitha - Kalk ’’ of Austria (fig, Vienna, showing fragments of Nullipores 
\ XT IT T ^ iLitkothamniom. enlarged three times. 

1364), the “ Nullipore-limestone ” (Original.) 
of Algeria, and others. Remains 

of Lithothamnion are also found in the Cretaceous and Jurassic 
rocks, and they have been said to 
occur in rocks as old as the Car- 
boniferous Limestone. The fossil 
forms of Lithothamnion do not 
exhibit any marked structural dif- ^ 
ferences as compared with the ex- 
isting types of the genus. 

Class VI. Charace^. — This 
class comprises a number of fresh- 
water or brackish- water Algae, of a 
green colour, and remarkable for ^ 
having lateral appendages corres- 
ponding with leaves. The thallus 
consists of a central stem giving 
off whorls of leaves at intervals, ^ ^ ^ 

which in turn give off secondary (Recent), showing the reproductive 

leaflets. The male reproductive 
organ has the form of a spherical 

sac (fig. 1365, a), and has been P', Large lateral leaflet near the fruit; 
sometimes spoken of as the “glo- a', o", attach^ to .h. ba» of .h. 
bule. The female reproductive 

organ or “ carpogonium ” — sometimes spoken of as the ‘‘nucule” 
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— consists of a large central cell surrounded by a sheath of spirally- 
twisted cells, and bearing a crown of small teeth at its summit 
(fig. 1365, s). 

The recent genus Nitella remains permanently soft, and is un- 
known in the fossil condition. On the other hand, the integu- 
ment of Chara itself becomes hardened by an encrustation of car- 
bonate of lime, and is thus capable of pPeservation in the fossil 

state. The fossil forms of the genus 
Chara occur in the Triassic, Juras- 
sic, and Cretaceous formations, and 
are abundant in parts of the Ter- 
tiary series. In some cases (as in the 
chert of the Purbeck beds) the stems 
are found ; but the fruits or “ carpo- 
gonia ” are more commonly preserved. 
These have the form of spirally ridged 
or grooved, ovoid or globular bodies 
(fig. 1366), and the first type dis- 
covered was described by Lamarck under the name of ‘‘Gyro- 
gonites.’^ The fossil carpogonia of species of Chara are abund- 
antly found in certain freshwater deposits, both of Secondary and 
of Tertiary age. 

Fungi. 



Fig. 1366. — a, Carpogonium of Chara 
Gressiniy Tertiary, enlarged ; Cai^- 
goniura of Chara Medicaginula (“ Gy- 
rogonites”), from the Eocene beds of 
the Paris basin, enlarged. (After Schim- 
per and Zittel.) 


The series of the Fungiy in which the Lichens are now included, 
comprises Thallophytes which are closely allied to the but 

which are devoid of chlorophyll. Owing to the soft nature of their 



Fig. x367.-~a, a lenticular specimen oi Archagaricon^ of the natural siie; B. Slice of the same 
showing the tubes and vesicles, enlarged. Coal-measures. (After Hancoclc and Atthey.) 

* 

tissues, the Fungi can only be preserved in the fossil state under 
specially favourable conditions. The plants of this series are, there- 
fore, of very small palseontological importance, and may be very 
briefly dismissed. 
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Various minute forms of Fungi have been recognised as occurring 
on the leaves of fossil plants, the oldest of these being found on 
the leaves of Cycads in Triassic deposits. The fossil leaves of 
Tertiary plants are very commonly attacked by these parasitic plants ; 
and other minute forms have t^en detected in amber. In other 
cases, the mycelial tubes of a Fungus have been preserved within 
the woody stem of a ptant of higher grade, or the entire Fungus 
may have undergone silicification. Thus, the mycelial tubes of a 
Fungus (Peronosporites) have been detected in the tissues of the 
stems of Carboniferous plants. Messrs Hancock and Atthey have 
also described, under the name of Archagaricon, certain silicified 
fossils from the Coal-measures of Northumberland, which they re- 
gard as referable to the Fungi, These remarkable fossils (fig. 1367) 
present themselves as oval, rounded, lenticular, or irregular bodies, 
under an inch in length, which appear on microscopic examination 
to be composed of irregular, ramifying, tubular filaments, terminat 
ing in rounded vesicles. 

Lichens are almost unknown as fossils, no example of these plants 
having been detected in any Palaeozoic or Mesozoic deposit. A 
few forms have, however, been recognised in amber, and others 
have been detected on the bark of fossil trees in lignites of Tertiary 
age. 



■^HAPTjEFi* LXVI. 

SUB. KINGDOM CORMOPHYTA. 

Series Bryophyta and Pteridophyta. 

Sub-Kingdom B. Cormophyta. — This division, which includes 
all other plants, can only be distinguished as a whole from the 
Thallophyta by the general presence of leaves, stem, and root ; or 
at least by the opposition of the stem and root. The alternation 
of generations is more regular than in the Thallophytes ; a sexual 
production of sporophores, and an asexual production of oophores, 
following in sequence. 

Series I. Bryophyta. — The first series includes the Mosses 
and Liverworts, which are cellular plants, with complete alternation 
of generations, and without true vascular tissue. The spores, either 
directly, or by the intervention of a protonema^ give rise to the 
sexual generation, or oophore^ which forms the main plant, in the 
female organ {archegonium) of which arises the sporogonium {sporo- 
phore) from which the spores are asexually produced. The main 
plant is therefore a sexual oophore. 

Class i. Muscl — In the Mosses the spore produces a large 
conferva-like protonema, from which the plant (oophore) arises by 
lateral branching, and is differentiated into stems and leaves upon 
which the sexual organs are formed. The class is practically of no 
palaeontological importance, and it will accordingly be unnecessary 
to notice its divisions. All the fossil forms at present known are 
of Tertiary age ; but from the occurrence of a Jurassic Beetle allied 
to types which live in moss, it is inferred that the class is really 
much older. A nutJiber of species have been found in amber, most 
of ^hich appear allied to existing European types ; and some also 
occur in the Miocene of Bonn and the Upper Eocene of Provence, 
but the absence of fructification renders their generic position un- 
certain. The genus Sphagnum^ or Peat-moss, has, however, been 
definitely determined from the Miocene of Westerwald. 
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Class 2. HEPAXiCyE. — The Liverworts differ from the Mosses 
in the absence of true leaves, and in the bilateral condition of the 
plant, which has the side exposed to the light differently organised 
from the concealed one ; the oophore, moreover, generally arises 
directly from the spore, the protonema, when present, being insig- 
nificant. Hair-like growths, representing aborted leaves, are occa- 
sionally present on the* under side of the plant; and it is fairly 
certain that Liverworts are to be regarded as degraded forms which 
have lost the leaves and branches of the Musci. Th(? widely spread 
existing genus Marchantia is Sjrepi-esented in tlie European Eocene 
and Miocene, and numerous Jun^rmanniacect have been found in 
amber ; but beyond this nothing is known of the palaeontological 
history of the class. 

Series 1 1 . Pteridophvta. — ^The Pteridophytes are characterised 
by the great vegetative development of the sporophore, and the 
tendency to the suppression of that of the oophore, or sexual 
generation. Their tissue develops fibro-vascular bundles, and there 
is a distinct epidermis. There is also a complete alternation of 
generations, the spore developing a sexual prothallium (oophore), 
from the archegonium, or female organ, of which is sexually pro- 
duced the main plant or sporophore, which in its turn asexually 
develops spores of one or two kinds in organs termed sporangia ; 
the latter being generally borne either on ordinary or specialised 
leaves, but in some cases on the stem. It will be apparent from 
this that the main plant is an asexual sporophore corresponding 
physiologically with the sporogonium of the Bryophytes, while the 
sexual prothallium represents the leaf-bearing plant of the latter. 

The Pteridophytes — equivalent to the Acrogens of older writers — 
are of extreme importance to the palaeontologist, since they contain 
several groups of entirely extinct types ; and in the earlier epoch of 
the earth’s history, when they were not brought into extensive com- 
petition with the Phanerogams, they attained an importance, both 
in the number of types and in the large size attained by many of their 
representatives, which entitles them to be considered the dominant 
forms of the Palaeozoic epoch. 

Class I. Filicaceje. — The Ferns and their allies have the leaves 
highly developed, and frequently much branched in a pinnate man- 
ner; the sporangia being numerous, and borne either upon the 
ordinary or specially modified leaves, on which they are usually 
arranged in groups or sori. The class may be divided into toee 
orders. 

The leaves of Filicaceae may be either simple, as in Glossopteris (fig. 
1 376), or pinnate. Among pinnate types the pinnation may be simple, 
as in Neuropteridium (fig. 1 373), when the leaflets or pinnules are ar- 
ranged upon a single shaft ; or bipinnate {NeuropteriSy fig. I 370 > when 



1502 


CORMOPHYTA. 


secondary shafts are developed; tri pinnate, as in Sphenopteris (fig. 1369), 
when tertiary shafts occur ; or multipinnate. The coverings of the sori 
are termed indusia; and when the stem is creeping it is known as a 
rhizome. 

Order i. STiPUL^XiE. — This order now contains only the two 
families Ophiogiossa^ce and MaratHacece^ characterised by the pres- 
ence of stipules at the base of the petioles of the leaves. . Of the 
former Ophtoglossum (Adder’s-Wtogue), in which the sporangia are 
embedded in the tissue of the partly sterile and partly fertile leaves, 
occurs in the Middle Eozsf&m of Monte Bolca ; while it is probable 
that Chiropieris, of £he Keuper of Wiirtemberg, is not really separ- 
able. Jn (tie second family, where the sporangia are external, as 
in the ftirns, the existing genus Maraitia occurs in the Rhaetic and 
Lias df the Continent. Danmites and Danaopsis^ on the other 
hand, are extipct types, the former occurring in the Cretaceous of 
Europe, and the latter in the Keuper, and probably also in the 
Permian, of the Tyrol, as well as in the Rajmahal stage of the 
Indian Gondwanas. Finally, the living genus Dancea occurs in the 
Lias of Verona. Several of the fossil forms have been confused 
with the Tceniopterideoe^ while Schimper has referred to this family 
some of the forms noticed under the Pecopteridece. According to 
Mr Kidston, the Archceopteridece should probably be placed in this 
order. 

Order 2. Filices. — In existing Ferns stipules are w^anting ; and 
there is only one kind of spores ; so that the sexual stage is not 
reached till the prothallium. 

Existing forms are classified by the nature of their fructification ; but 
since this is generally unknown in the earlier fossil types, we are com- 
pelled to classify them by the nature of the pinnation and venation of the 
leaves, and as these are subject to great variation among allied existing 
genera, it is evident that this classification is more or less of an artificial 
nature. It will be convenient to follow Schimper^s plan of treating first 
of those existing families which are known to be represented in a fossil 
state, and then to notice the foms of which the position is more or less 
uncertain, but which are provisionally arranged in families. 

Existing Families. — In the existing series the family Osmun- 
dacea has the paniculate fructification borne on «pecialised leaves, 
which may or may not be like the sterile ones. The type genus 
Osmunda^ which is mainly characteristic of warmer regions, al- 
though represented in England by the Royal-Fern, occurs fossil in 
the Cretaceous of Westphalia and Greenland, in the Laramie beds 
of North America, and in many of the European Tertiaries. An 
allied form, from the freshwater deposits of Chemnitz, has been 
named Asteroclana. In the Schtzeacece^ which usually have the 
fructification borne in spikes or panicles on the lacinicB of the 
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leaves, the existing tropical genus Lygodium occurs in Europe from 
the Cretaceous to the Miocene, and also in the Laramie beds of the 
United States. The third family — Gleicheniacece — has the sessile 
sporangia borne in naked sori upon the dorsal surface of ordinary 
leaves, each sporangium having a complete transverse ring, and 
bursting with a longitudinal slit ; while the st€m forms a creeping 
rhizome. The existing iropical genus Gleichisnia is represented by 
closely allied forms in the Cretacec^lis of ‘(!i*eenland, the Rajmahal 
group of the Indian Gondwanas, m the Lias of Verona, some 
of which have been separated as Didymosorus, from 

the Cretaceous of Greenland and Saicony, with two sod on each 
leaflet, connects the preceding with Mertensia, The latter* which 
has two rows of sori on each leaflet, and is now* confinaft^to the 
southern hemisphere, occurs in the Cretaceous of Greenland and 
Hungary. The Hymenophyllacec^^ or Film*ferns, in wh^h the sessile 
sori are covered by an indusium, are represented by one Species in 
the Upper Eocene of Provence ; while Schinlper has referred to the 
type genus Hymenophyllum a Carboniferous fern. It is probable 
that some of the Sphenopteridem are more or less closely related to 
this family. The fifth family — Cyathecace(2 — which includes the 
tropical Tree-ferns, is of more palaeontological importance ; it is 
characterised by the stalked sporangia, situated in closely packed 
sori, which may be naked or covered. Of Tree-ferns, in which 
there is a tall stem, often covered with roots, and crowned with a 
rosette of leaves, the existing Alsophila is represented in the Lower 
Eocene of Sezanne, which also contains other allied forms. The Car- 
boniferous Choroniopteris should perhaps find a place here. Of smaller 
forms, the genus Onoclea (in which Schimper includes Struthiopteris) 
is represented in the Laramie Cretaceous and the Miocene of the 
United States, as well as in the Eocene of the Isle of Mull, by the 
existing 0 . sensibilis of North America ; thus offering a remarkable 
instance of the persistence of a specific type. The Mull form was 
originally described as JFilicites, The Laramie series also yields an 
extinct species of this genus. These ferns, like the following, have 
the sporangia borne on specialised leaves. Dicksonia^ which is 
mainly tropical and often tree-like, occurs in the European Keuper, 
and more abundantly in the Jurassic, and is also found in the 
Indian Rajmahal beds. Finally, Thrysopteris, now known only 
by a single species from Juan Fernandez, is also very common 
in the European and Siberian Jurassic (fig. 1368), where it has 
been described as Coniopteris and Tympanophora, In addition 
to the special fertile leaves, a few sori are borne at the base of 
the ordinary leaves, as shown in the figure. 

Lastly, we come to the extensive family Polypodiacea^ which 
includes the greater number of European ferns, and is divided 
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into several subfamilies. The sporangia are very numerous, and 
are borne on the underside of usually unmodified leaves; and 
they split transversely. Of the subfamilies, the Polypodies 
are perhaps represented by the typical Polypodium in the Mio- 
cene of Switzerland ; Chi- 



lanthes occurs in the same 
deposits; while the widely- 
spread Pteris (Bracken) is 
found abundantly in the 
Upper Cretaceous and the 
Middle and Upper Tertiaries 
of Europe, and also in the 
Laramie and Tertiaries of 
America. Adiantum is also 
equally well represented 
throughout the European 
Tertiaries, and if we include 
in it the so-called Adiantites^ 
it ranged down to the Ju- 
rassic. In the AsplenieSy 
Blechnum (Hard-fern), distin- 
guished by having both fertile 
and sterile leaves, of which 


the latter are simply pinnate, 
occurs in the Continental 
Eocene and Miocene. Cu- 
riously enough, the South 
American genus Hewardia 
is found in the Upper Eo- 

Fig. X368.-La.en.l branch., of .h. of CenC of BoummOUth. Wood- 

Tkrysopttris Murrayana; from th« Inferior Oolite Wardia. nOW represented by 

shown in the lower figure. eight species from the warmer 



regions of the world, occurs 
in the Pliocene and Miocene of Europe, the species from the for- 
mer, and perhaps also that from the latter, horizon being identical 
with an existing type ; this genus also occurs in the Miocene of 
the United States. Asplenium^ which at the present day numbers 
some 300 species, occurs commonly throughout the European Ter- 
tiaries, and is also found in the Cretaceous ; some of the species 
being allied to existing European forms, while others are more 
nearly related to those of the tropics. It appears, moreover, that 
Ferns from the Jurassic of Siberia and the Jurassic and Rhaetic of 
Europe, described under the name of Cladophlebis and Akthopleris, 
are referable to this genus. Ferns of this genus also occur in the 
English Wealden ; in both the Lower (Damuda) and Upper (Raj- 
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mahal) Gondwanas of India; and in certain New Zealand beds, 
correlated by Baron von Ettingshausen with the Trias. In the last 
subfamily, or the AspidiecB^ the cosmopolitan Aspidium and the 
allied Lastrma occur commonly from the Middle Tertiaries upwards. 

Fossil Families. — An enormous number of Palaeozoic and Meso- 
zoic Ferns belong to this series, but only a few of the more important 
types can be even mentioned. The Sphenopteride(Z comprise a 
number of Ferns, mostly of very delicate structure, and extremely 
difficult to classify. They are usually fntiltipinnate, with the pinnae 
in some cases dichotomous ; 
at least the terminal leaflets 
are narrowed at the base ; 
while all are often lobate, 
and with the veins dividing 
in a pinnate or forked man- 
ner from the base. The fruc- 
tification of some forms has 
been described by Mr Kid- 
ston, and it is suggested that 
one or more of the genera 
may be allied to the existing 
Hymenophyllacece. Many of 
the species have exceedingly 
delicate fronds. Among the Carboniferous genera may be men- 
tioned Sphenopteris (fig. 1369), Calymmatotheca^ Zeilleria^ Urna- 
topteris^ in which there are fertile and sterile leaves, Oligocarpia^ 
Renaultia^ Rhachopteris^ Sphenopteridium^ and Eremopteris (fig. 
1370). Of these, the first ranges from the Devonian to the Lower 
Jurassic of Europe, and is also found throughout a large part of the 
Indian Gondwanas, in the African Karoo system, in the Australian 
Hawkesbury beds, in New Zealand, and the Palseozoic of the United 
States.^ Eremopteris also occurs in the Indian Gondwanas, and 
ranges in Europe to the Permian ; and a Fern from the Kimeridgian 
of France has been named Stenopteris, 

The family ArcheeopteridecB {Palmopteridem) was placed by Schim- 
per in the present serial position ; but the recent observations of 
Mr Kidston upon the type genus appear to indicate that it should 
be transferred to the Stipulatae — although, until the necessity for 
such transference be absolutely proved, it appears preferable to 
leave the family in its old position. The leaves are bipinnate, and 
both these and the leaflets are usually stalked ; the leaflets b?ing 
broad and often lobate. The type genus Archceopteris^ which has 



Fig. 1369. — Part of a leai of Sphenopteris 
trifoliata ; from the European Carboniferous. 
(After Schimper.) 


1 Ferns from the Laramie beds and American Tertiaries have been referred to 
this genus. 
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also been generally known by the preoccupied name of Palaopteris^ 
occurs in the Devonian and Carboniferous of both Europe and the 
United States. According to Mr Kidston, it has stipules on the 
leaves, and its fructification appears to consist of sporangia devoid 
of annuli, and closely resembling those of the Marattiacea. The 
genus AneimeiteSy from the Devonian of Canada, has been placed 
bj Sir J. W. Dawson and Mr Kidston in the same family ; which is 



Fig. 1370 . — EftmapUris artemiske/olia ; from the Carbonifcrof ^ 


also taken to include Triphyllopieris^ from the European Carbon- 
iferous. The latter genus has both fertile and sterile leaves. 

With the important family of the Neuropteridea we return to the 
consideration of true Filices. In this group the leaves vary from a 
simple to a tripinnate type ; the leaflets being either long or ovoid, 
and often narrowed at the base, with the midrib disappearing to- 
warSs the extremity, and the veins equal, and in typical forms rising 
at an acute angle. The genus Neuropteris (fig. 1371) is a bipinnate 
type very common in the Carboniferous, but also extending into the 
Permian of Europe. The allied Cydopteris (which is not admitted 
by Mr Kidston as a distinct genus) extends in Europe from the 
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Carboniferous to the Rheetic, and is also found in the upper part 
of the Lower Gondwanas of India (fig. 1372). The leaf has sub- 




Fig. \yj\,-~NeuroH€ri$ htUrophyltui from the Coal-measures of Europe. 

The lower figure .shows a single leaflet enlarged. 

orbicular leafkts resembling those of the existing Maiden-hair fern, 
with no midrib, and the veins numerous and dichotomising as they 
radiate to the margin. 

The typical Carbonifer- 
ous forms, according to 
Mr Seward, have pinnate 
leaves, but in the figured 
Rhsetic form referred by 
Dr Feistmantel to this 
genus they are bipinnate. 

Neuropteridium (fig. 1373) 
is a simply pinnate form occurring in the Lower Trias of Europe, 
and in the base of the Lower Gondwanas. Dictyopteris includes 



Fig. i37a."-Part of leaf of Cyclopteris ^“hvrhackis ; 
from the l^chet stage of the Lower Gondwanas of 
India. (After Feistmantel.) 
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Carboniferous ferns with a net 4 ike venation as in Glossqpteris (fig. 
13^6). Finally, Mr Kidston includes in this family the simply pin- 
nate Cardiopteris, of the Lower Carbon- 
iferous, in which the somewhat heart- 
shaped leaves are devoid of a midrib. 
The OdontopteridecR form a well-defined 
family with bi-^or tripinnate leaves, in 
which the leaflets are attached by the 
whole width of their base ; the leaflets 
are non-lobate, with their veins proceed- 
ing wholly from the base, or in part from 
an indistinct midrib. The type genus 














Fig* 1373. —Part of leaf of Neuropteridium elegans, and two leaflets enlarged ; 

„ from the European Trias. 

Odontopteris 1374) occurs in the Carboniferous and Permian, 
the figured species being common to Europe and North America. 



Fig. 1374.— Part of leaf of OdordopUris ogmunda/ormis ; from the Carboniferous of Europe. 


The bipinnate Ctenopttris (fig. 1375), from the Rhaetic and Lower 
Lias, has leaves curiously resembling those of dfe Cycadaceoug^ 
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Bowenia. The AUthopterideoi are multi-pinnate ferns with a strong 
general resemblance to the existing Pteris^ and at least some of 
which have a similar marginal fructification. The leaflets are 
attached by their whole base, the bases of adjacent leaflets being 
united ; and the midrib is complete. AletkopteriSy of the Carbon- 
iferous and Permian, is common to Europe and the United 
States ; the Mesozoic forms described under this name having 
been noticed under the head of Asplenium, Lonchopteris^ of the 
Carboniferous, is distinguished by its net venation ; while we 
have another type in the Permian Callipteris^ Another multi- 
pinnate type is constituted by the Fecopteridect^ which agree with 
the last family in the attachment of the leaflets, with the ex- 
ception that the adjacent bases are usually distinct ; the midrib, 
although slender, continues to the extremity ; and the veins arise 
less obliquely than in the Neuropteridece, The typical Pecopteris 



Fig 1375. — A pinna of Ctefiopieris cycadea ; from the Lower Lias. The right-hand figure 
shows an enlarged pinnule or leaflet. 


contains a very large number of species, some of which are tree-like, 
from the Devonian and Carboniferous of both Europe and North 
America ; and many of which have been referred to the Marattiacecz 
under the names of Asterothaca^ Stichopteris^ &c., but which "“Mr 
Kidston considers to be genetically inseparable. It also occurs in 
the Trias of Europe, and in Lower Mesozoic beds in New Zealand. 
Other Carboniferous genera are Mariopteris^ Callipteridium^ and 
Dactylotheca, ^ in the Mesozoic we have also a large number of 
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forms wMfcfi trfay be provisionally placed here, although it is prob- 
able that a\ least a moiety belong to existing families. One aeries 
has been named on the evidence of sterile, and the other on that of 
fertile leaves, and there is accordingly a considerable probability that 
different genera have been named from a single species. Of the 
former seriel a ftifn from the Keuper and the Panchet series of the 
Indian Gondwanas has been described di^ixPecopteris concinna ; and 
we also have Lepidopteris from the Rhastic, Merianopteris from the 
Keuper and the Damuda series of the Gondwanas, Anomopteris of 
the Keuper, and Crematopteris of the Bunter. In the second series, 
where the leaves consists of palmate branches on a long stalk, we 
have LacopteriSy Matonidium, Marzaria^ Andriana^ &c. The 
Fachypteridea are Mesozoic ferns, with small leaves, and include the 
“Liassic Dichopteris^ and the Oolitic Sckropteris and Stachypteris ; 
Fachypteris itself being a doubtful form probably based upon re- 
friains of two of the preceding genera. The fructification of some 
of these Ferns resembles that of the existing tropical Polypodiaceous 
genus Onyckium^ to which they may be allied. In the present 
family Dr Feistmantel would include Thinnfeldiay a peculiar genus 
having thick leaves, which may be only simply pinnate, with lobate 
pinnae ; and occurring typically in the Rhaetic and Lower Lias, but 
Also found in the Indian Panchets, in the reputed Trias of New 


Zealand, in the Hawkesbury and overlying beds of Australia, and 
also in Argentina, The Lomatopteridece include a few Mesozoic 
ferns of allied types, having thick fleshy leaves, which are usually 
simply pinnate, with lobation of the pinnae. Exclusive of the last- 
named genus this family contains Lomatopteris^ extending from the 
Bath Oolite to the Kimeridgian and probably the Wealden ; and 
CycadopteriSy which ranges from the Lias to the Upper Jurassic. 

With the Tcefd^Uridem we come to a family easily recognisable 
by their usually simple strap 4 ike leaves (fig. 1376), with a well- 
developed midrib, which are curiously like those of the Plaintain 

(Musa). It may be di- 



vided into two subfami- 
lies, according to the 
venation. In the first 
subfamily, with a normal 
venation, Tcsniopteris is 


Fig 1376.-- Leaf of Gloss^ttris rettftrai from the Lower 
Gondwanas of India. Reduced. (After Feistmantel.) 

« 


represented by a few 
European and North 
American Carboniferous 


species, and also occurs in the Trias of Europe and New Zealand. 
The allied Macrotaniopteris comprises some very large ferns, rang- 
ing in Europe from the Keuper to the Lower Lias, and doubtfully 
^ ihf Inferior Oolite, while it occurs in India in both the Upper 
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and Lower Gondwanas, tod is also found in Kew ^aland and 
Australia. Palaovitiaria seems peculiar to the Damuda series of 
the Lower Gondwanas, Oleandridium has stalked leaves differing 
somewhat in their venation from the preceding, and is considered 
to be allied to the existing Oleandra among the Aspidiece; it occurs 
in the European Mesozoic and the Panchets. Angiapteridium and 
Marattiopsis are distingtgshed by a simple pinnation of the leaves ; 
the former occurring in the Damuda series of the Gondwanas, and the 
latter in the European Carboniferous. The genus Glossopteris (fig. 
1376) is the only representative of the second subfamily, and is 
distinguished by its net-like venation, retaining, however, the well- 
marked midrib characteristic of the family. It is extremely abun- 
dant in the Indian Gondwanas, ranging from the Takhir to the 
Upper Jurassic Jabalpur stage, and is also met with in the Hawkes- 
bury beds of Australia, in the upper part of the African Karoo 
system, in the Cretaceous of Russia, and in beds of unknown age 
in Italy. Finally, the Gangamopteridem^ include Ferns with a net 
venation, in which the leaves are subject to great variation in shape, 
but may be digitate or fan-like, and devoid of midrib. There is 
one division with simple, and another with compound venation. In 
the former we have Gangamopteris^ ranging throughout the Lower 
Gondwanas and also found in the Bacchus-Marsh beds of Victoria ; 
and Belemnopteris of the Damudas ; both being probably allied to 
the PolypodiaceoR, In the second group Camptopteris occurs in the 
Keuper ; Dictyophyllum ranges from the Rhaetic of Germany to the 
Cretaceous of Greenland ; while Clatkropteris is confined to the 
Rhfetic, and Protorhipis to the Lias. 

Fern-stems. — Omitting a few fossil Ferns of uncertain affinities, 
brief reference must be made to a few types of large size described 
upon the evidence of portions of the stem, but which cannot at 
present be definitely classed. Of these Megaphyton^ from the Car- 
boniferous of Europe and the United States, is founded on trunks 
of Tree-ferns, which bore their large leaves in a row on either side 
of the stem, and which Sir J. W. Dawson considers very unlike any 
existing type. Psaronius — a type common to the Old and New 
Worlds, and mainly of Devonian age — is founded on trunks of 
Tree-ferns marked by alternate leaf-scars, which are usually sur- 
rounded by aerial roots like those of many existing forms. Caul- 
opteris^ which is likewise found in both Europe and North America, 
is characterised by its vertically elongated leaf-scars. It ranges 
from the Carboniferous to the Permian ; but at least some of •the 
forms described under the name of Ptychopteris^ which extends 
upwards to the Trias, are not generically separable. Protopteris^ of 
the Cretaceous of Europe and Greenland, is another larg$ form^ 
1 Usually termed DictyopUrida^ but not including Dictyopteris (p. 1507), 
VOL. II. 2 R 
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characterised by the bases of the leaf^stalks remaining attached to 
the scars, as in many recent Tree-ferns. Other forms are Cyatheo- 
pteris of the Bunter, and Thamnopteris ranging from the Permian 
to the Keuper; the latter having persistent leaf-stalks. Finally, 
Rhizomopteris of the Carboniferous, and Sphallopteris of the Bunter, 
are based on specimens generally regarded as rhizomes of large 
creeping ferns. The genus Falmpteris^ JProm the Carboniferous, 
which was long considered to be a fern, is named from a specimen 
which appears to be the stem of one of the Cordaitece, 

Order 3. RHizocARPEiE. — The Rhizocarps are distinguished 
from the Ferns by the development of two kinds of spores termed 
macrospores and microspores. Their young shoots may be either 
straight, or circinate as in Ferns and Psilophyton (fig. 1378). 

Although the macrospores and microspores are true spores, as de- 
veloping plants without fertilisation, yet they may be regarded as 
incipient sexual elements, and thus throwing back the sexual differen- 
tiation to an early stage. Thus the microspores, or male elements, 
develop only male prothallia, which produce antheridea ; while the 
macrospores, or female elements, develop female prothallia, which pro- 
duce only archegonia. 

The four existing genera of this order are aquatic plants, which 
may be simply floating, or may have a creeping rhizome. Of the 
Salviniacece the rootless genus Salvinia is represented in the Upper 
and Lower Miocene of the Continent, and also in the Laramie and 
higher beds of America. Of the two existing genera Pilularia (Pill- 
worts) and Marsilia^ constituting the family Marstliacece, it is prob- 
able that a species of the former occurs in the Upper Miocene of 
CEningen, while MarsUia is recorded from the Miocene of Oregon 
in the United States, and also from the Lower Miocene of Ronzon 
near Puy-en-Velay. It has been suggested that Sagenopteris^ ranging 
in Europe from the Rhaetic to the Lower Jurassic, and also oc- 
curring, together with the allied Dactylopteris, in the Damudas of 
India, may be more or less closely allied to the MatJliacecB, They 
are plants of considerable size, with long-stalked leaves terminating 
in a palmate expansion of four or more members. Marsilidium, of 
the Wealden, has also been referred to the same family. 

Sir J. W. Dawson considers that in the early Palaeozoic the char- 
acters afterwards separated in the Club-mosses, Horse-tails, and 
Ferns were tmited in the Rhizocarps, and it will accordingly be 
convenient in this place to notice Palaeozoic plants ap- 

parently more or less closely allied To the Rhizocarps, some of 
which should probably be included ih the same order, while others 
may be intermediate types connecting that order with the Equi- 
setaceae and Lycopodiaceae. In the first place, as previously noted 
(p. 1484), certain spherical bodies known as Sp^ctngites occurring 
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in the Devonian and Carboniferous of North America and Europe, 
are regarded by Sir J. W. Dawson as macrospores or sporocarps of 
Rhizocarps, under the name of Protosalvinia. Better known is the 
genus Sphenophyllum (fig. 1377), likewise 
occurring on both sides of the Atlantic, « 

and ranging from the Ordovician to the Car- 
boniferous, which many authorities now agree 
in provisionally placing in this order, although 
others would refer it to the Equisetaceae. 

They were small plants with wedge-shaped 
leaves arranged in regular whorls, after the 
manner of the existing Marsilia, Another 
type which is regarded by Dr Feistmantel as 
closely allied to the preceding is Trizygia^ 
known by a single species from the Lower 
Gondwanas of India. These plants (if com- 
plete) are comparatively small, with a slender 
stem bearing incomplete whorls of wedge- 
shaped leaves ; each whorl occupying only three sides of the stem, 
and consisting of six leaves arranged in three dissimilar pairs. They 
were probably aquatic. 

Here also, according to Sir J. W. Dawson, should be placed the 
genus Ptilophyton (fig. 1378), which appears to be most nearly 



Fig. X377.— Leaf of Sphen- 
ophyllum anttguum ; from 
the Devonian of Canada 
Enlarged and natural size 
(After Dawson ) 



Fig. in%.—PttlopJiytoft plumosum : from the Lower Carboniferous of Nova Scotia. 

ITie right-hand figure shows a p(^on magnified. (After Davson.) 

allied to the Rhizocarps. Hife.genus ranges in North America froJn 
the Middle Devonian to the Lower Carboniferous, and is also found 
in the Old Red Sandstone of Scotland. These organisms, which 
have been referred to the Algae and Lycopodiaceae, are composed 
of feather-like leaves, apparently bearing macrospofes on parts of 
the stem or petioles. They aue considered to have been of aquatic 
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Fig. 1379 — A leaf- whorl 
of Protannularm Harknesst ; 
from the Ordovician of the 
North of England. 


habits, the linear pinnae of the leaves acting as floats. Finally, 
there remains for consideration the imperfectly-known plants from 
the Ordovician (Arenig beds) of England to which the hybrid name 
Protannularia has been given ; and which were originally referred 
_ . . Thallophytous genus Buthotrephis, 

They consist of slender branching stems 
*1 I I -"'k bearing at intervals whorls of linear leaves 
(fig. 1379), somewhat resembling those of 
Equisetaceae, to which class they may 
be more or less closely allied. 

Class IL Equisetace^. — With this 
group we come to a small class now repre- 
it 1 Wl sented by only a single genus with species 

^ of comparatively small size, but which in 

the Palaeozoic contained numerous forms of 
F.g. .370 -^«r.*hori dimensions, and occupying an import- 

of Aotannuiarm Harknesst ; ant position in the Contemporary vegetation. 
No^o*En^S'^ The class may be briefly characterised by 

the rudimentary condition of the leaves, 
which are reduced to small sheathing whorls, borne either on the 
stem or on branchlets also arising in whorls from the joints of 
the barren stem. The sporangia, which produce only one kind of 
spores, are borne upon specially modified leaves forming a terminal 
spike to the main stem (fig. 1381, a), there 

f being distinct fertile and barren stems. 

The existing family Equisetea comprises 
small forms, characterised by their perennial 
rhizome, from which the annual stems arise. 
The single existing genus Equisetum (Horse- 
tails) occurs in most parts of the world, with 
the exception of Australasia; and seems to 
have commenced in the Lower Keuper, where 
species of much larger size than their existing 
analogues are met with ; and from this period 
representatives occur throughout most of the 
European Mesozoic and Tertiary strata and 
also in some of those of North America, and • 
in the Lower Mesozoic of New Zealand. The 

S Fig x-iZo.^SchiM(meu^ Carboniferous Equisetites seems to have been 

tdivanensu; fro» the n* j 

muda series of India, an aUied genUS. 

^^^j^uced. (After Feist- cxtinct family Schizoneurea is typically 

represented by the genus Schizoneura (fig. 
1380), which occurs throughout the European Trias, and perhaps 
also in the Jinrassic, and in the Lower Gondwanas of India. Ac- 
cording t 0 y^istmantel, these plants are characterised by the 
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sheaths found at the joints of the stalks, which in an early stage of 
development consist of a number of leaflets, with median veins, and 
attached by their margins. In the course of development these 
sheaths split either into thin component leaflets, or more frequently 
into two equal and opposite portions (as in the figure), which thus 
simulate paired leaves. The stems and stalks are longitudinally 
ribbed. Phyllotheca^ whkh occurs in Europe from the Lias to 
the Lower Jurassic, in the Lower Gondwanas of India, and the 
Newcastle beds of Australia, seems to be more nearly allied to 
Equisetum^ but is placed by Schimper in this family. The joints 
of the stem are of moderate length, and the outer surface is fluted ; 
while the leaves are linear, and free at their extremities, but at 
the base are united in a sheathing whorl, which may be longer 
than the joints of the stem. Each leaf has a midrib. 

With the CalamitecB we come to another extinct family, which is 
confined to the Palaeozoic, and contains the largest representatives 



Fig. 1381. — Restoration of Fig. 1383. — Leaves and branchlets of Calamites ramosus 
Calamites. greatly reduced. {A ster&pkylliies /oliosa) ; {rom iht C^rhomicxoMii oi 'E.ngmid. 
A, C. Suckowii; B, C. Cistii, Reduce. (After Lindley and Hutton.) 

(After Dawson.) 


of the class, some of the species probably attaining a height^ of 
about 30 feet. Their stems are tall and cylindrical, with a hollow 
pith-cavity divided into sections by diaphragms, and bearing at 
the joints either whorls of needle-like leaves (fig. 1381, b), or 
branchlets carrying secondary whorls of leaves (fig. 1381, a). In 
transverse section these stems show radiating of fibres, 
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resembling those of Conifers, and showing great variation of struc- 
ture in the different forms. The base of the stem generally termi- 
nates in a blunt point (fig. 1384), and it may be attached to the 



rhizome, or several stems may spring 
from a common stock, as in the 
restoration figured. The roots are 
cylindrical,- and may be branching. 
There has been great confusion in 
regard to the determination of Cal- 
amites owing to the difficulty of re- 
ferring fruits, leaves, and roots to 
their respective stems ; and also 
owing to the fact that while in some 
cases the entire stem is preserved, 
in others only a cast of the pith- 
cavity remains. According to Mr 
Kidston the well - defined genera 
based on stems are Calamites^ rang- 
ing from the Carboniferous to the 
Permian ; Calamodadus arid Astero- 
calamitcsy of the Devonian and Car- 
boniferous; and Arthropitys^ of the 
Permian. At least some of the 
specimens to which the names An- 
nularia Asterophy Hites 1382) 
have been applied are branchlets of 
Ca/amites, Fruits of Asterocalamites 
have been described as Pothocites ; 
while others known as Stachannularia 
have been found attached to the 
branchlets of Annularia, Other 
fruits described as Volkmannia^ Cal- 
amostachysy and Macrostachya are 
probably likewise referable in many 
instances to Calamitece^ although it 
has been suggested that some may 
belong to Sphenophyllum. Roots 
known as Pinnularia have been 


Fig. i383.-p*rt of stem of Co/ow/Vm found attached to Calamitesy but 
Carboniferous of specimens to which this 

^ name has been applied may belong 

to other plants. There has been considerable discussion as to the 
nature of the outer surface of the bark of Catamites^ but it appears 
from the most recent observations that in species with thin bark 
this surface was fluted, while in those with thick bark it was smooth. 
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A large number of synonyms in addition to those already men- 
tioned have been made; among which it may be observed that 
Mr Kidston includes Asterophyllum^ or AsterophylHtes^ and Archceo- 
calamites in Asterocalamites ; while Calamoden- 
dron is regarded as inseparable from the type 
genus. CalamitecR occur both in Europe and 
North America, but are* unknown in India and 
Australia. 

According to Sir J. W. Dawson, “ it would seem, 
from the manner in which dense brakes of these 
Calamites have been preserved in the coal-forma- 
tion of Nova Scotia, that they spread over low 
swampy flats, and formed fringes on the seaward 
side of the great Sigillaria forest In this way they 
no doubt contributed to prevent the invasion of the 
areas of coal accumulation by the muddy waters of 
inundations, and thus, though they may not have 
furnished much of the material of coal, they no 
doubt contributed to its purity.” 

Here may be noticed the remarkable jointed 
stem-like bodies known as Vertebraria^ which 
are generally regarded as Equisetaceous, and tremfty of stem of 
occur throughout the Lower Gondwanas of 
India, and are also found in the Newcastle beds boniferous. Reduced, 
of Australia. These peculiar bodies, which are 
often branched, and may be of considerable size, are regarded as 
the rhizomes of an Equisetaceous plant of which the foliage is 
unknown. Their association in India with Schizoneura is note- 
worthy. 

Class III. LycopoDiACEiE. — The third and last class of the 
Pteridophytes, known as Lycopodiaceae or Dichotomeae, is now 
represented by the Club-mosses and Selaginellas, and also includes 
a number of allied extinct types of much larger dimensions. These 
plants are characterised by a simple or branched stem, without joints, 
usually having roots, and bearing numerous small and simple leaves ; 
while the branches of the stem and frequently of the roots divide 
dichotomously (fig. 1387). The sporangia are solitary, and borne 
either upon the upper surface of the base of the leaves, or in the 
axils of the latter, or simply upon the stem. The class may be 
divided into two orders. 

Order i. Isosporeae. — ^The Club-mosses, which are the exiiyting 
representatives of this order, are characterised by producing only 
one kind of spores, and by the absence of ligulce^ or membranes at 
the base of the leaves, as well as by certain other points which 
need no mention here. 

The earliest plant referred to this order is Psilophyton^ which is 
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regarded by Sir^J. W. Dawson as forming a connecting link between 
the Rhizoca^S jandjthe I^ycopods, and probably forms the type of 
_ * ' a distinct family, the Psilophytece. 

This genus, with which Haiiserites is 
identical, occurs in the Lower De- 
1 I I vonian of both Europe and the 

1 4^ B ^ United Stat*6s, and is a plant of 

B more than average interest. It at- 
1 tains considerable dimensions, and 
jj \ has minute or rudimental leaves, 

^ t which are numerous and spirally 

Fig. 1385.— CircirtMe ««rminations of arranged on the barren stems, but 

are sparse or absent on the fertile 
ones. On decorticated stems their 
point of attachment is represented by minute scars. The young 
branches have'oircinate terminations (fig. 1385), like the “crosiers^’ 
of Ferns ; while the rhizomes are circular, and show irregularly placed 
areolae, to which the roots were attached. 

? The inner structure of the stem consists of 
an axis of scalariform tissue, surrounded by 
cells. Finally, the fructification (fig. 1386) 
consists of naked oval sporangia, generally 
borne in pairs on lateral or terminal pedi- 
cels, which are regarded by Sir J. W. 
Dawson as making the nearest approach to 
the sporocarps of the Rhizocarps. Arthro^ 
stigma^ from the Devonian of Canada, is 
placed by the same authority in this family. 

The three existing families of the order — 
viz., Lycopodiem^ Fsilotea^ and Phylloglossece 
— are of but little palaeontological import- 
ance; the last two being unknown in a 
fossil condition. Lycopodium occurs in the 
Jurassic; while in the Permian, Carbon- 
iferous, and Upper Devonian there occur 
allied forms for which the name Lycopo- 
dites has been proposed. The Devonian 
Z. Milleri is, however, a Psilophyton. 

_ , . Lycopodites also occurs in Lower Mesozoic 

Fig. 1386.— Reduced Jl«tora- . ^7 1 j 

tion cf Psilophyton princeps I beus in JNew Zealand. 

cTad^* Order 2. Heterospore^ (Ligulat^). 

— This order, now represented by Selagi- 
nella and Isoites, is distinguished by developing two kinds of spores 
— viz., macrospores and microspores — and by the presence of ligulae 
to the leaves. In both the prothallium is developed within the 


Fig. 1386.— R«)ac«l fWtora- 
tion cf Psilophyton princips I 
from the Lower Devonian of 
Canada. (After Dawson.) 
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macrospore ; thus almost srq)pressing the first or sexual generation. 
The family Selaginellem includes only ’the living genus Selaginella, 
which is mainly characteristic of the warmer i^giohs, and especially 
of the southern hemisphere. The stem is ||ittened, with two 



Fig. 1387. — Lepidodtndron Stembergi; from the Carboniferous. The Ieft*hand figure 
shows a cone, and the right the extremity of a branch. ^ 

opposite rows of leaves, which are often of a glaucous hue, and 
the fruit is in the form of long spikes, arising from the axils of 
the leaves. It is considered probable that this genus is represented 
in the Coal-measures of the Continent by species which have been 
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referred to Lycopodites^ and it undoubtedly occurs in the Laramie 
series of North America. 

With the Lepidodendrem we come to the first of the two extinct 
families of the order, which contains gigantic forms characteristic of 
the Upper Devonian and Carboniferous. These were tree-like Lyco- 
pods with linear single-veined leaves, which leave rhomboidal scars, 
often very prominent, at their point of attachment to the dichoto- 
mously-branching stems. The fruit is in the form of scaly cones, 
bearing macrospores and microspores, which may be either terminal 
or lalteral ; and the young branches have a pith-cavity, surrounded 
by a layer of scalariform tissue, which sends out processes through 
4he thick bark to the leaves. As is the case with so many Palaeozoic 
types, the different portions of these trees have received distinct 
generic names. Thus the decorticated stems have been named 
KnorriUy fruiting branches, Halonia^ and cones (fig. 1388) Lepi- 
dostrobus, while at least some of the roots known as Stigmaria (fig. 
1392) are referable to the present family. According to Sir J. W. 
Dawson, there is considerable difference in the mode of growth of 
the outer surface in different members of the family. 

“ Thus in some species the areoles, at first close together, become, in 
the process of the expansion of the stem, separated by intervening spaces 
of bark in a perfectly re^lar manner ; so that in old stems, while widely 
separated, they still retain their arrangement, while in young stems they 

are quite close to one another. This is 
the case in Lepidodendron corrugatum. 
In other species the leaf-scars or bases 
increase in size in the old stems, still re- 
taining their fonn and their continuity to 
one another, as in Z. undulatum^ and 
those forms which have large leaf-bases. 
In these species the continued vitality of 
the bark is shown by the occasional pro- 
siae. (After Sebimper.) duction of lateral Strobiles [cones] on large 

branches, in the manner of the modem 
Red-pine of America. In other species the areoles neither increase in 
size nor become regularly separated by growth of the intervening bark ; 
but in old stems the bark splits into deep furrows, between which may 
be seen portions still retaining the areoles in their original dimensions 
and arrangement.” 

The majority of the genera are common to Europe and the 
United States, and some of them occur in other parts of the world, 
as in the Palaeozoic of Australia, and the infra-Y^zxoo series of South 
Africa. The type genus Lepidodendron contains a number of species 
with a most complex synonomy, and is characterised by its vertically 
elongated leaf-scars and slender branches. According to the views 
of Mr Kidston, the stems to which the name Ulodendron has been 
applied are mainly referable to Lepidodendron^ although others may 
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be Sigillarian ; Sir W. Dawson has, however, identified Ulodendron 
with the next genus. Lepidophlosus (Lomatophloeus\ which appears 
to be exclusively Carboniferous, has the leaf-scars transversely elon- 
gated, with three vascular points, and placed on distinct promi- 
nences ; while the branches are thick, the leaves very long, and the 
cones always lateral. Hallonia is founded on fruiting branches of 
this genus ; while fruUs of one type of the so-called Lepidostrohus 
(fig. 1388) have been found attached to stems with the scars of 
Zepidophlasus, Cyclostigma and Lepto- 
phlccum are exclusively Devonian ; the 
former being characterised by the circu- 
lar or horse-shoe-like leaf-scars, and the 
latter by the flat and rhombic leaf-bases 
and obsolete scars. Leptophlceum occurs 
in the United States and Australia. 

The existing genus Isoetes^ the sole re- 
presentative of the IsoetecBy is known in 
a fossil condition by two species from 
the Miocene of the Continent, and by a 
third from the Eocene of Colorado. 

With regard to the serial position of 
the second great Palaeozoic family of the 
StgillarecB^ there has been much discus- 
sion, but the general consensus of opinion 
seems now to be in favour of placing 
them in the present order; although it 
is quite probable that, as Sir J. W. Daw- 
son suggests, at least some of them may 
be more or less closely allied to the 
primitive Gymnosperms. Their resem- 
blance to the Lepidodendrecc is indicated 
by their strongly-marked external simi- 
larity; which is especially shown in the 
tall, slender, and dichotomously-branch- 
ing stem (fig. 1389), the slender grass- 
like leaves, the le^-scars arranged in j ^ . 

, , ’ _ . . Fig. 1389.— A, Reduced restora- 

whorls, and the Stigmanan roots. These tion of siguiaria Browni; b, Do. 
trees, constituting the genus Sigillaria, ifc,ois""^M'DawTo^)' 
are mainly of Carboniferous age, and are 

common to the Old and New Worlds ; they attained very large dimen- 
sions, their stems being sometimes as much as five feet in diameter. 
Not unfrequently these stems are found in an erect position (fig. 
1390), passing through several layers of rock ; while in other cases 
they have been found attached to the Stigmarian roots which pene- 
trate the clays underlying the seams of workable coal. The columnar 
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stems of the Sigillarians are marked by continuous longitudinal ribs, 



Fig 1390 — Stem of a semi erect Stgtllarta 
m a coal seam , from Nova Scotia. (After 
Dawson ) 


between which are the leaf-scars 
(fig. 1391), forming whorls round 
the stems. It will be seen from 
the figure that the arrangement 
of these scars is such that each 
one is plaoed in the interval be- 
tween two scars of the horizontal 
rows immediately above and be- 
low; this arrangement, or phyllo- 
taxisy obtaining in all plants with 
leaves forming whorls. The ex- 
ternal coat of the stem is very 
hard, beneath which is an inner 
bark composed of cellular tissue 
traversed by rope-like fibres, while 
the woody central axis is small, 
and somewhat intermediate in 
structure between that of the Le- 
pidodendroids and Gymnosperms. 
The roots (Stigmarid) usually 
start from the stem in four mam 
branches, which divide dichotom- 
ously several times, and then con- 


tinue in long extensions, which Sir J. W. Dawson considers are 



intended to afford a firm support in a soft marshy soil. The root- 
lets (fig. 1392) were arranged on the roots in whorls; and when 
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they decayed they left scars on the bark (figs. 1392 and 1393) 
corresponding to the leaf-scars on the stems. The nature of the 
fruit is still unknown, but it is probable that it more or less closely 
•resembled that of the Lepidodendroids. Sir J. W. Dawson has, 
however, suggested that some of the Sigillarians may have had 




Fig. 1392. — Part of root of a Sigillarian or Lepidoden- 
droid Tree {Stigmaria ficoides ) ; from the Carboniferous. 
One-quarter natural size. 


fruit of the tyipe of Trigonocarpus (fig. 1400), and that such forms 
consequently exhibit a connecting link between the Pteridophytes 
and the Gymnospermous Phanerogams. 

The genus may be divided into several groups, which may eventually 
have to be raised to generic rank. The Clathrarian group (in which Mr 
Kidston includes some species of Ulodendron) has a thin bark, with the 
leaf-scars not in distinct rows, but having a spiral appearance ; type, 
discophora^ of Europe and the United States. In the Liodermarian 
group the ribs on the bark are obsolete, and the leaf-scars in distinct 
rows ; type, S, sydnensis, of Australia. In the third, or Rhytidolepidian 
group, in which the Favularian group may be included, the ribs are 
narrow (fig. 1391) and often striate, and the leaf-scars large and hexa- 
gonal, or shield-shaped; type, ^S*. tessellata (fig. 1389, b). Finally, the 
typical group is characterised by the broad ribs to the bark, of which 
the width usually exceeds that of the oval or elliptical leaf-scars ; types, 
S. reniformis and 6*. Browni (fig. 1389, a). 
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CHAPTER LXVII. 

SUB^KINGDOM C O R M O P H Y T A— continued. 

Series Phanerogams. — Class Gymnosperms. 

Series III. Phanerogams. — The Phanerogams, which include 
the whole of the remaining groups of plants, are characterised by 
the production of a seed, and the consequent concealment or com- 
pression of the alternation of generations. It has already been 
mentioned that in several groups of Pteridophytes the tendency of 
the oophore (prothallium) is to lose its independent existence, but 
in the present series this independence is totally suppressed. Thus 
the macrospore or female element, now termed the embryo-sac, is 
never detached from the main plant, or sporophore, previous to 
fertilisation ; while the oophore, now known as the endosperm, which 
may be rudimentary, is always enclosed in the macrospore (embryo- 
sac). The seed is developed from the ovule (of which the envelope 
is known as the testa), which produces the embryo-sac, and in this 
the endosperm and the oosphere. The latter is fertilised by the 
pollen-tube or outgrowth from the pollen-grain, which represents the 
microspore of the Pteridophytes.^ The plant is always differentiated 
into stem, leaves, roots, and hairs ; and its branching is normally 
monopodial, the main axis continuing to grow and producing its 
lateral shoots and roots beneath its apex. Phanerogams are further 
characterised by the metamorphosis and differentiation of homo- 

^ It is thus evident that the Phanerqjam with its pollen-grains and embryo-sacs 
is equivalent* to the sporophere of the Pteridophytes. The sexual differentiation, 
which in the most 8peciid|aed members of the latter commences with the formation 
of macrospores and microspores. is, however, carried further back, being mani- 
fested net only in the formation of embryo-sac and pollen -grains, but also in the 
differences between ovule and pollen-sac, and between the modified leaves (carpets 
and stamens) bearing them, and, even earlier, in the distinction between male 
and female dowers, and finally in the development of separate male and female 
(diaicims) plants. At least for a time, the seed unites in itself the two genera- 
tions^the prothallium (endosperm), and the embryo or young plant of the second 
generation. (Sachs.) 
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logous structures for the purpose of reproduction, as is shown in 
the flower, into the complex structure of which it will be unnecessary 
to enter here. The differentiation of the tissues is also more com- 
plex than in the Pteridophytes. 

Phanerogams include the highest types of plant life, and it will 
be seen from the sequel how there has been a gradual advance in 
their degree of organisation as we ascend in the geological scale ; 
the most specialised groups only making their appearance at a late 
epoch. 

Class I. GvMNOSPERMiE. — The first and most generalised class 
of Phanerogams is characterised by the ovules and seeds not being 
enclosed in the ovary, and by the early development of a distinct 
endosperm forming archegonia in which the oospheres originate. 
The first leaves produced from the embryo are arranged in whorls 
of two or more; and the wood grows from the outside, forming 
annual rings of growth. 

In many respects the existing Gymnosperms are intermediate 
between the Pteridophytes and the Phanerogams ; and it is practi- 
cally certain, as we have already hinted, that in past times there 
was a complete transition between the two series. The class in- 
cludes the Cycads and Conifers and dates from the Devonian ; but 
in the middle Mesozoic, which has hence been termed the “ age of 
Gymnosperms,” it attained its highest stage of development, and 
constituted the dominant type of the flora. The existing forms are 
usually arranged in three orders, while a fourth is frequently made 
for the reception of the extinct Cordaites, 

Order i. Cycadace^e. — Existing Cycads (fig. 1394), which occur 
in the warmer regions of America and Asia, and also in South Africa 



Fig. 1394. — A male Cycad i^Macrvzamm spira/is); from Australia. Greatly reduced. 

and Australia, are low palm-like trees, with a short unbranched 
stem, occasionally divided into two, marked by leaf-scars. The 
leaves form a crown, and, except in one genus where they are 
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bipinnate, are simply pinnate ; their structure is very firm, and they 
usually develop in a circinate manner like ferns. The plants are 
male and female ; the male fructification being borne in cones (fig. 
1394), while in the female the ovules are usually situated on the 
margin of modified leaves or on the base of scales. 

Existing Cycads are divided into the families CycadecB^ Encepha- 
lartecB^ Stangeriecp^ and ZamiecB, Of these ^he living South African 
genus Encephalartos occurs in the Miocene of Euboea, and perhaps 
in the Rhaetic of Honduras ; while a leaf from the Miocene of Styria 
has been referred to the Mexican genus Ceratozamia^ belonging to 
the Zamie(B, 

The family position of extinct genera is for the most part un- 
certain, and it is accordingly unadvisable to make any attempt at 
such divisions. As is usually the case with fossil plants, genera 
have been founded upon different portions of the organism, so that 
in many cases we doubtless have the same type described unde®: 
two or more names. In the Mesozoic, as Sir J. W. Dawsdn remarks, 
Cycads had a world-wide distribution, and many of the undermen* 
tioned European genera likewise occur in America. The species 
occurring in the Cretaceous of Greenland are, according to the same 
authority, of small size and low growth, so that they may have been 
protected from the winter snows. Some of the more southern forms 
attained, however, a considerable height, and must have resembl^ 
palms. The order is known from the Carboniferous upwards. 

Genera founded on Leaves. — The genera based on the 
evidence of leaves will be taken first. Of these Cycadites has the 
leaflets attached by the whole width of their base to the stem, with 
a single vein, while the young leaves are circinate ; in all of which 
respects it approximates to the existing Cycas. It occurs in Eifrope 
from the Carboniferous to the Upper Cretaceous ; and in India it 
is characteristic of the Upper Gondwanas. Podozamites with small 
leaves, and the leaflets alternating and narrowed at the base, ranges 
in Europe from the Rhsetic throughout the Jurassic and into the 
Lower Cretaceous ; it is also found in the Dakota Cretaceous, in 
the Upper Gondwanas of India, and in the reputed Trias of New 
Zealand. Till something is known of its fructification the affinities 
of this genus cannot be determined. ZamiteSy again, is a very large 
genus with small or medium-sized leaves, in which the leaflets are 
attached by a calus to the upper surface of the stem, and are subject 
to a considerable variation of form. In Europe this genus is well 
repitsented from the Middle Trias to the Upper Cretaceous (Green- 
land), an isolated species being found in the Miocene. It is also 
recorded from the reputed Trias of New Zealand, and the Upper 
Gondwanas of India. Glossozamites includes large-leaved Cycads 
with subsymmetrical leaflets, occurring typically in the European 
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Wealden, but according to Dr Feistmantel also represented in the 
Lias and the Lower Gondwanas of India. Ptilophyllum (fig. 1 395) is 
a genus characteristic of the Upper Gondwanas, having long narrow 
leaves, with alternating leaflets which are likewise long and narrow, 
and are attached to the front of the stem, with upwardly-directed 
terminal points, and a simple venation. Otozamites (fig. 1396), 


9 



Fig. 1395. — of \tiSi{ of Ptilophyllum cuchen^e ; Fig. 1396. — Part of leaf of Otozamites 
from the Upper Gondwanas of India. (After Feist- bengalensis ; from the Lower Gondwanas 
***®^t«l*) of India. (After Feistmantel.) 

according to the last-named writer, is allied to Ptilophyllum^ but dis- 
tinguished by the lower basal angle of the leaflets, which in the latter 
is affixed and decurrent on the stem, becoming free and rounded like 
the upper' ohe; tl^e disposition of the veins being very similar in 
both genera. In Europe this genus occurs very abundantly from 
th 4 Rhaetic to the Upper Jurassic, is well represented in the Cach 
Stage of the Upper Gondwanas of India, and also occurs in the 
Rhaetic of Honduras. Ctenophyllum is an allied genus typically 
ir( 5 m the Upper Lias and Lower Jurassic of Europe. An important 
genus is Pterophyllum^ in which Dr Feistmantel includes Anomo- 
zamites of Schimper, occurring in Europe from the Carboniferous 
to thfe Upper Jurassic and Wealden, in India from the higher 
stage of the Lower Gondwanas to the two lower divisions of the 
Upper Gondwanas, and also recorded from the reputed Trias of 
New Zealand. The leaves are stalked, of moderate size, and 
considerable width ; while the leaflets are generally opposite, articu- 
lating at right angles with the sides of the stem, and having numerous 
veins. Ptiloza mites is an allied type from the Rhaetic of the Con- 
tinent. Nilssonia, of the Rhaetic and Lower Jurassic of Europe, 
is readily distinguished by its leaves being either strap-like and 
undivided, or with slight segmentation. Sphenozamites from the 
French Jurassic and the Rhaetic of Honduras, and Macropterygium 
from the Keuper of Carinthia, are imperfectly known forms which 
may be allied to Nceggerathia noticed below. Dictyozanutes is a 
peculiar form from the Upper Gondwanas characterised by the 
leaves having a net-like venation, as in the genus Glossopteris (fig. 
1376) among the Ferns, and is regarded by Dr Feistmantel as the 
type of a distinct family. Another type is presented by the genus 
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Rhiptozamiks from the Jurassic of Siberia, to which Nceggerathiopsis 
of the Lower Gondwanas of India, the Hawkesbury beds of Australia, 
and the Rhsetic of Honduras, is closely allied, if indeed it be gen- 
erically separable. It is known by specimens which appear to be 
leaflets of a pinnate leaf, and are of an elongate form with forked 
radiating veins which do not converge towards the summit. 

Genera founded on the FRUCTiFiCAiriON. — The name Cyca- 
dospadix has been applied to the female fructification of Cycads 
from the Lower Lias and Corallian closely resembling that of Cycas, 
Cones from the Lias to the Wealden have been described as Zamio- 
strobus and Beania ; while seeds, ranging from the Keuper to the 
Wealden, are known as Cycadeospermunu 

Genera founded on Stems. — Stems of Cycads are of not un- 
common occurrence, especially in fresh-water deposits, and are 
locally known to the quarrymen of the south of England as “ fossil 
birds’-nests.’^ According to the arrangement of Count Saporta they 

may be classified as follows : 
Bo/bodium, from the Lias and 
Corallian ; Cylindropodium, 
from the Lower Lias and Up- 
per Jurassic ; and Mantellia 
(fig. 1397), also known as 
Cycadoidea or Clathropodium^ 
from the Upper Jurassic and 
Wealden, which is especially 
common in the ‘‘ dirt-bed ” of 
the Isle of Portland. Other 
stems, ranging from the Juras- 
sic to the Lower Greensand, 
have been described by Mr 
Carruthers under the name of Bennettiies ; the associated fructifica- 
tion differing in several respects from that of existing types. The 
preceding forms have comparatively short stems, but in Platylepis^ 
of the Lias, and Fittonia and Bucklandia^ of the Upper Jurassic 
and Wealden, the stems may attain a height of several feet. 

Here we may notice the remarkable genus Williamsonia^ ranging 
from the Rhaetic to the Jurassics of Europe, in regard to the serial 
position of which there has been much discussion. It is based on 
the fructification, .which in some cases is found attached to stems 
wit^ spirally arranged leaves. It has been suggested that this plant 
may belong to the Dicotyledons, while Mr J. S. Gardner considers 
that its affinities are with the monocotyledonous Fandanacece ; but 
it appears quite possible that it may really prove to be an extremely 
aberrant Cycad. This genus is also found at the base of the Upper 
Gondwanas of India. 



Fig. 13^. — Stem oi Mantellia megalofihylla ; 
from the Purbeck of the Isle of Portland. Re- 
duced. 
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Transitional Types. — The families NoeggerathiecB and Corda- 
iteoR^ of the Palaeozoic, appear to include types which are in many 
respects transitional between the existing Cycads and Conifers, and 
may therefore provisionally occupy an intermediate position. Both 
families are, indeed, referred by Mr Kidston to the Cycads, but 
other writers would place some or all of these forms with the 
Conifers. In the first •family the type genus Nceggerathia^ which 
occurs in the European and North American Carboniferous, 
has the leaves arranged in two opposite rows (distichous), these 




Fig. 1398. — Leaves of Psygmopkyllum $xpemsum ; from the Permian of Russia. 


leaves having a cuneiform base, with radiating veins which do 
not form forks. Psygmophyllum (fig. 1398), or Gingkophyllum^ 
is an apparently allied type from the European Carboniferous 
and Permian, which is placed by Dr Schenk with the Taxoid 
Conifers. A branch from the upper Devonian of Wyoming, 
described by Sir J. W. Dawson as Dictyocordaites is stated to 
connect Nceggerathia with the under-mentioned genus Cordaites ; 
since, in place of the parallel venation of the latter, the veins 
fork at an acute angle, and are slightly netted by the spreading 
branches of one vein uniting with those of an adjacent one. The 
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second family is represented by the genus Cordaites (fig. 1399), 
ranging from the Devonian to the Permian, and occurring in both 

the Old and New Worlds. 



These plants formed trees 
reaching to a height of 20 or 
30 feet, with the stems marked 
by trarfsverse leaf-scars, and the 
leaves arranged in whorls ; the 
leaves themselves (fig. 1399) 
being comparatively broad, 
with parallel longitudinal veins, 
and attached by a somewhat 
wide base. Their fructification 
consisted of male and female 
catkins, forming long racemes 
(fig. 1399), and known as An- 
tholithus ; which subsequently 
produced berries known as 
Cardiocarpus^ some of which 
appear to have had wing-like 
envelopes, while other types 
had a soft pulpy cover like 
those of the existing Yews. 
The stem had a large central 
pith surrounded by scalariform 
tissue with a cylinder of woody 
wedges ; the casts of these pith- 


Fig. 1399. — A branch of Cordaites', from 
the Carboniferous. Reduced. (After Grand’ 
Eury.) 


cavities are included among 
the so-called Sternbergia^ to be 
shortly mentioned. According 


to Dr Schenk the female fructification of Cordaites is most like that 


of the Cycads, while the male fructification and the structure of the 
stem comes nearest to the Conifers. 


In this place certain Carboniferous 

§ fruits which have not at present been 
referred to their respective plants may 
be conveniently noticed. These have 
been named Rhabdocarpus^ Carpolithus^ 
Trigonocarpus (fig. 1400), and Palce- 
Ffe Trigonocarpus Par. oxyHs, They are large and angulated 

nut-like fruits, resembling those of the 
Hutton.) Yews. Specimens of Trigonocarpus are 

extremely numerous in some of the coal- 
measures; a slab of sandstone in the British Museum measuring 
21x15 inches containing more than 400 of these nuts. The sug- 
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gestion of Sir J, W. Dawson that some of these fruits may belong 
to Sigillarians has been already mentioned, but most recent authori- 
ties agree in regarding them as belonging to Cordaitece or Conifers. 

Order 2. Conifers. — This order includes the existing Yews, 
Pines, and allied forms, and is of considerable palaeontological 
importance, although the different groups can be but very briefly 
mentioned in this worlft Conifers are characterised by the strong 
and continuous growth of the main axis, which forms a slender 
conical stem sometimes exceeding 200 feet in height ; on this main 
stem the lateral axes, or primary branches, arise either in rosettes at 
intervals, or irregularly, and again subdivide in the same manner ; 
the whole contour of the tree thus forming a more or less regular 
cone. The leaves may be either all foliage leaves containing chloro- 
phyll ; or all colourless or brownish scales ; or a mixture of foliage 
leaves and scales. The foliage leaves are mostly small and simple, 
and very rarely compound ; and thus form a striking contrast to the 
Cycads, where the leaves constitute the greater part of the plant. 
The flowers are always of separate sexes ; but the trees themselves 
may either bear one or both kinds of flowers. These flowers are 
never terminal on the main axis, and are subject to great variation 
of structure in the different families. The male flowers are not of 
much importance to the palaeontologist, who has more often to deal 
with those of the female. The best known examples of the latter 
are the cones of the Abietinece, which are modified shoots bearing a 
number of closely packed woody scales, on which the ovules are 
usually placed in pairs. 

The earliest fossils referred to the Coniferae are trunks of large 
trees occurring in Europe and North America, from the Carbonifer- 
ous to the Permian, and described under the names of Dadoxylon, 
Araucarioxylon^ or Pinites, These stems exhibit the woody structure 
characteristic of existing Conifers, and Sir J. W. Dawson states that 
they are found in association with leaves of Permian genera of 
Walchiece noticed below, and consequently places them in that family. 
It has, however, been suggested that at least some of these stems 
belong to the Cordaitea^ although strong reasons have been pro- 
pounded against the acceptance of this view. Some of the curious 
ringed cylinders described under the name of Sternbergia or Artisia 
are casts of the pith-cavity of Dadoxylon, Stems from the coal- 
measures have been found with a length exceeding 70 feet. 

Leaving these doubtful forms we may proceed to the consider;gtion 
of the five existing families into which the order may be divided. 
The TaxinecE^ or Yews and their allies, have their leaves, which are 
often of considerable width, arranged spirally ; the flowers typically 
dioecious ; and with the ripe seed enclosed in a fleshy envelope. 
We have already mentioned that Psygmophyllum {Gingkopkyllum) is 
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placed in this family by Dr Schenk ; but exclusive of this form we 
have several genera allied to the existing Salisburia or Gingko-tree 
of Japan and China, characterised by its fan-like leaves (fig. 1401). 

This genus had an almost world-wide 
distribution in past times, being abun- 
dantly represented from the Permian, 
and if Sqportea,^from the Carboniferous 
of Pennsylvania, be rightly included, ex- 
tending as low as the preceding period. 
It is very curious, as Sir J. W. Dawson 
remarks, that this genus should now be 
restricted to a single Asiatic species, al- 
though it will grow in temperate Europe 
and America, without, however, usually 
producing fruit. In India it occurs in 
the Upper Gondwanas. Rhipidopsis^ 
from the Lower Jurassic of the Atlas and the Lower Gondwanas of 
India, is an extinct genus with large leathery leaves usually divided 
into five wedge-shaped segments, of which the middle one is the 
largest. Other extinct genera are jDicranop^/lum, from the Car- 
boniferous of France, China, and Canada; Trtckopitys, from the 
Jurassic of Europe ; the allied Czekanowski^^ from the European 
Rhaetic and Jurassic, the Jurassic of China, the Wealden of Portugal, 
and the Upper Gondwanas of India ; and Fieldenia and Fhcenicopsis^ 
the former being from the Miocene of Spitzbergen, and the latter 
from the Jurassic of Northern Europe and the Upper Gondwanas. 
Many of these genera have the leaves divided into long slender 
slips, but in the true Yews the leaves are simply acicular. The 
existing genus Taxus, together with the closely allied or identical 
Taxites^ has a wide distribution, being well represented in the Ter- 
tiaries and extending down through the Jurassic to the Rhaetic. 
The allied Cephalotaxus^ of China and Japan, in which .he male 
flowers are in clusters, and the seed is completely enveloped in 
the fleshy capsule, is represented in the Tertiary and Cretaceous of 
Greenland ; while another existing genus, Torreya^ occurs in the 
Tertiaries of Greenland and America. Finally, omitting some less 
important types, the tropical genus Podocarpus occurs abundantly 
throughout the Tertiaries of the greater part of the world. 

The genus Wakhia (fig. 1402) may be taken as the representa- 
tive^f a group — the Wakhiece — which may perhaps serve to connect 
the Yews wi& the Araucarias. In the type genus the secondary 
branches or twigs are arranged alternately in two rows, and carry 
spirals of angulated acicular leaves ; larger leaves covering the 
primary branches in an imbricating manner. The fruit, according 
to Dr Schenk, formed true cones, approximating to those of the 



Fi^ 1401. — Leaf of Gingko*tree 
{Salisburia siberica ) ; from the 
Lower Cretaceous of Siberia. (Af* 
ter Dawson.) 
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Araucarias ; but it should be observed that Sir J. W. Dawson con- 
siders that their fruit was not in the shape of cones, but was of the 
type of that of the Yews. This genus occurs in the Permian of 
Europe and North America. Ullmaniay of the European Permian 
and Keuper, is an apparently allied type in which cones are known 
to have been developed. 

In the same family Dr Schenk places the genus Pagiophyllum 
{Pa€hyphyllum\ which has thick leathery leaves of triangular form, 



Fig. 1402. — Part of branch ^ and twig (^) of Walchia pini/ortnis ; from the Permian 
of Saxony. (After Gutbicr.) 


arranged spirally on the stem and branches, and uniting at their 
bases. In Europe it occurs from the Bunter to the Lower Creta- 
ceous ; it has also been recorded from the Upper Gondwanas of 
India, but some of the species from those beds seem to belong to 
Araucaria^ to which this genus appears to be nearly related. 

The AraucariecB are too well known to require much description ; 
typically they are lofty evergreen trees, with verticillate spreading 
branches, covered with stiff and flattened leaves, with sharp points, 
and usually imbricating. The cones are large, globular, and ter- 
minal. The existing species are mostly confined to the southern 
hemisphere, and belong to three genera. Of these, Dammaray 
which extends into the Malay Peninsula, and affords the well-known 
gum-dam ar, may be represented in the Upper Cretaceous of Green- 
land and the United States ; but the specimens from the Creta- 
ceous described as Dammarites may apparently be cones of Cycads. 
Araucaria itself is now chiefly known from Australia, New Guinea, 
Norfolk Island, and South America, but in past times had a much 
wider distribution. Thus it occurs in the Tertiary of the j^ctic 
regions, in the English Eocene, in the Dakota stage of the American 
Cretaceous, and right through the Wealden and Jurassic of Europe. 
It also occurs in the Indian Gondwanas, where some of the 
species have been described as AraucariteSy while the figured 
specimen (fig. 1403), which was referred by Dr Feistmantel to 
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Pagiophyllum^ is regarded by, Br S<5)ienk as inseparable from the 
existing genus. The extinct ^enus Cunninghamites is founded on 
branches which appear to closely resemble those of the existing 
Cunninghamia of China; it occurs in the Upper Cretaceous and 
Miocene of the Continent, and the Cretaceous of the United States. 

Finally, the genus Albertia^ from the Bun- 
ter of Alsace and* the Lower Gondwanas 
of India, may be mentioned here, although 
it is not certain that its true position is 
not with the Abietinece. 

The family Taxodtnece is another ancient 
type represented from the Permian up- 
wards. The leaves are generally more or 
less linear, and may be arranged in two 
rows, or crowded together at the ends of 
the branches. In Taxodiutn and Glypto- 
strobus the lateral shoots are deciduous. 
The oldest genus is Voltzia {Glyptolepis, 
Glyptolepidium), of the Permian and Trias 
K.g. ,405 -Branch of Arau- of Europc and tiio Lowcr Gondwanas of 
car,a(Pagiopkyiittm')dwaricata ; India; foUowed fey -flie allied Leptostro- 

from the Upper Gondwanas of \ . 

Cach (After Feistmantel.) buS^ of the Loifea^ J»KfcSSlC of Siberia. 

Cyclopitys^ again, from the latter deposits 
and the Lower Gondwanas of India, is considered to be an ancestral 
type of the existing Sciadopitys of Japan, which connects the typical 
member^ of the family with the Abietinece. The genus Taxodiutn 
is now known by two species from North America, of which T 
distichum dates from the Upper division of the Laramie beds, and 
occurs also in the Eocene of Utah, whence it can be traced through 
the Tertiaries of Alaska, Canada, Greenland, and Spitzbergen, and 
thus to the Upper Miocene of QEningen in Switzerland. The closely 
allied Glyptostrobus of China, readily characterised by the sculptured 
scales of the cones and small leaves, has a somewhat analogous dis- 
tributional history ; thus it first appears in the Lower Cretaceous 
of Greenland, and is also found in the upper part of the same sys- 
tem ; thence it extends in one direction through Arctic America to 
the United States, where it is found in the topmost beds of the 
Laramie, and in another to Europe, where its range extends from 
the Lower Miocene (Oiigocene) to the Pliocene ; G, europeus being 
oon:|fnon to Europe and the Laramie beds. The well-known Sequoia 
( Wellingtonia\ in which the scales of the cones, instead of imbri- 
cating as in the preceding genera, form woody pyramids at right 
angles to the axis, is now known by two Californian species. Of 
these S, sempervirens has erect leaves arranged in two rows and 
small round cones ; while S, gigantea^ the Big tree,” has smaller 
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leaves crowded together, and larger egg-shaped cones. It is re- 
markable that these two types are Represented by allied species in 
the Lower Cretaceous, where we also find species which are inter- 
mediate, and both types continue right through the Tertiaries of 
Europe and North America, which are connected by the Greenland 
deposits ; while one species has also been found in the Eocene of 
Australia. Altogether twenty-six species are known. 

‘‘ This,” as Sir J. W. Dawson observes, “ is perhaps the most remarkable 
record in the whole history of vegetation. The Sequoias are the giants 
of the Conifers — the grandest representatives of the family — and the 
fact that, after spreading over the whole northern hemisphere and attain- 
ing to more than twenty specific forms, their decaying remnant should 
now be confined to one limited region in America, and to two species, 
constitutes a sad memento of departed greatness. The small remnant 
of S. p.gantea still, however, towers above all competitors as eminently 
the ‘big trees’; but had they and the allied species failed to escape the 
Tertiary continental submergences and the disasters of the glacial period 
this grand genus would have been to us an extinct type. In like manner 
the survival of the single Gingko of Eastern Asia alone enables us to 
understand that great series of taxine trees with fan-like leaves of which 
it is now the sole representative.” 

Geinitzia^ from tWUppei Giretaceous and Lower Tertiary of both 
Europe and North A||i«rica, appears to connect the preceding with 
the following genus ; it* has alternating branches, with two rows of 
small sickle-shaped leajies, between which are scale-like leaves and 
elongated persistent cones. Brachyphyllum is characterised by its 
extremely short and thick scale-like leaves, which are spirally* ar- 
ranged ; it occurs in Europe from the Rhsetic to the Wealden, and 
is also found in the North American Cretaceous. An allied extinct 
genus is the remarkable Echinostrobus^ of the Upper Jurassic of 
Europe and the Indian Upper Gondwanas, in which the stem is 
flattened, and the branches are covered with imbricating scale-like 
leaves ; while the club-like cones are borne at the summits of short 
lateral branches. Other extinct genera of this family are Cyparis- 
sidium from the Rhaetic and Upper Cretaceous of Europe ; Inolepis 
of the Upper Cretaceous of Greenland ; Chirolepis from the Rhaetic 
and Lias of France and Switzerland ; and Swedenborgia from the 
Rhaetic of Palsjo. 

The CupressinecB^ including the Cypresses, Junipers, and Thujas, 
are moderate sized or shrub-like trees, usually with very minute 
scale-like leaves closely adherent to the branches, and generally 
arranged in two, although sometimes in three or four rows. In 
some cases, however, the leaves are linear, especially in the young. 
This family dates from the Upper Trias, and is represented at the 
present day by some twelve genera. One of the earliest known 
genera is Widdringtonites^ from the Keuper of the Continent and the 
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Jurassic of Europe and the United States ; it appears to be in some 
respects intermediate between other Conifers and the next genus, 
and its reference to this family is provisional. The existing South 
African genus Widdringtonia^ in which the leaves are alternate and 
crowded, and in the young plant linear, is represented in the Conti- 
nental Miocene ; while Callitris from the northern part of the same 
continent was likewise widely spread over £urope in the Middle 
Tertiary. In the Upper and Lower Cretaceous of Europe, and also 
in North America, we meet with the extinct genus Frenelopsis ; 
while in the Tertiaries allied forms have been referred to the exist- 
ing genera Frenela and Actinostrobus^ now confined to the Australian 
region ; LibrocedruSy which has now a much wider distribution than 
the latter genera, dates from the higher Cretaceous of Greenland 
and the United States, and is well represented in the Lower and 
Upper Miocene of Europe. In Moriconia of the Upper Cretaceous 
of Greenland and Germany, and the Dakota Cretaceous of America, 
and Tkujites ranging from the Rhaetic ^ to the Upper Jurassic, we 
have two genera of which the precise affinities are difficult to deter- 
mine. Of the remaining existing genera known to occur in a fossil 
state, Thuja is found in amber, and has alsie> been recorded from 
the Upper Cretaceous and Miocene of North America, but these 
forms are regarded by Dr Schenk as profiably referable to Chanuzo- 
cypris. Biota of Japan and China, 2inifThujopsis of Japan, occur 
in the Miocene of Greenland ; ChammocypriSy of North America and 
Japan, dates from the Lower Eocene and Miocene of Europe, and 
probably from the American Cretaceous ; Cupressus (Cypress), which 
has a wide distribution in the northern hemisphere, is probably found 
in amber ; while Juniperus (Juniper) dates from the Upper Cretace- 
ous of America and Greenland. Finally, Falaocyparis which occurs 
throughout the European Jurassic, znd Fhyliostrobus of the Kimerid- 
gian of France, are allied extinct types. The last family of Conifers 
is the AbietinecBy including the Pines, Spruces, Larches, and Cedars, 
all of which have tall symmetrical stems, and usually spirally-arranged 
linear leaves, which may be either flattened or angulated. The cones 
are usually large and pyriform, with two seeds beneath each scale. 
We may first mention the extinct genera Elatides and Palissyay of 
which the family position is uncertain, since they show some charac- 
ters of the Pines and others of the Yews. The former occurs in 
the Jurassic of Siberia, but some of the forms appear to be Arau- 
cart^^/ while the lattfer is found in the European Rhaetic, the Lower 
Gondwanas of India, the Australian Newcastle beds, and the reputed 
Trias of New Zealand. The existing types are usually divided into 
a number of genera, such as Finus (true Pines), Abies (Spruce), 

1 The form from the Carboniferous described under this name is probably a 
Lepidodendroid. 
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Larix (Larch), Cedrus (Cedar), &c,, but the generic determination 
of many fossil t5^es is extremely difficult, and we can only state here 
that the group as a whole has undoubtedly existed from the Jurassic, 
and may not improbably date from the Lias or Rhaetic. Finally, 
the family position of the imperfectly known Rhaetic genus Campto- 
phyllum cannot at present be determined. 

Order 3. Gnetace*:. — This small order, represented by the 
genera Ephedra^ Gnetum^ and Welwitschia^ is not certainly known 
to be represented in a fossil state, although several forms have been 
referred to the first-named genus. 
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CHAPTER LXVIII. 

SERIES FHANEEOGAMJS—continued, 

Class Angiosperm^. 

Class II. ANGiospERMi®. — With this class we come to the highest 
development of plant life, characterised fey the complete enclosure 
of the ovules and seeds in the ovary, and by th^ hj^e or less rudi- 
mental condition of the endosperm. As they are highest in point 
of development, so these plants are characteristic, as a whole, of the 
latter periods of the earth^s history, so that the Tertiary and recent 
periods are well described as the “ age of Angiosperms.” The class 
may be divided into the two great subclasses of Monocotyledons 
and Dicotyledons, of which the former is the more generalised, and 
the first to make its appearance in time. 

Subclass I. MoNOCOTVLiE. — The Monocotyledons are plants 
having only a single seed-leaf or cotyledon ; and with an endogenous, 
or inwardly growing stem, in which there are consequently no an- 
nual rings of growth. It includes the Palms, Grasses, Lilies, &c. ; 
and it appears that the Palms and Grasses are the earliest known 
forms ; the perianthed types, or those with large and consoicuous 
flowers, not making their appearance till a later date. 

There is indeed some doubt as to the earliest appearance of the 
subclass, but it appears to be certain that most of the Palaeozoic 
forms which have been described as Monocotyledons are referable 
to Gymnosperms. There occur, however, certain forms of doubtful 
affinity in the Upper Palaeozoic, which have been termed “pro- 
Angiosperms,” or types imperfectly developed from a Pteridophytic 
or Gpnnospermic stock, which we may proceed to notice. The 
best known is the genus Spirangium^ ranging from the Carboniferous 
to the Wealden ; this is based on certain spindle-like bodies, which 
are believed to consist of from five to ten linear valves enclosing a 
central cavity, the valves being in some cases spirally twisted. Their 
affinities are at present totally obscure. From the Russian Permian 
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a leaf with a net-like venation described under the name of Dicho- 
neuron^ has been regarded as a Monocotyledon, but apparently on 
quite insufficient grounds. The genus (Ethophallum^ from the Trias 
of the Vosges, which has linear leaves arranged in groups of three 
on the branches of a< woody stem, and long seed-bearing spikes, 
has also been referred to this subclass. Certain fruit-spikes from 
the same deposits desciibed as Echinostachys may belong to kindred 
types. Again, the long ribbon-like leaves found in the Rhaetic 
and Jurassic and known as Vuaites, have been looked upon as in- 
dicating plants allied to the existing Draccena ; but it is quite pos- 
sible that remains of totally distinct types of vegetation have been 
included under this name. In the Upper Trias and Lias of Swit- 
zerland occurs the imperfectly known Bambusium^ which Mr J. S. 
Gardner regards as an undoubted Monocotyledon, although Dr 
Schenk suggests affinity with the Equisetaceae. The former writer 
also regards as Monocotyledonous a stem from the Yorkshire Oolites 
described as a Calamite. Plants from the Jurassic which have been 
named Naiadita^ BensoniA^ &c., are not Phanerogams at all ; while 
Aroides of thevGrdit Oolite is based on a Crinoid. Stems with a 
rush or grass-like form from the Purbeck appear, however, to be true 
Monocotyledons. Finally, Rhizocaulon^ from the Upper Eocene of 
the Paris basin, is based on the evidence of a stem which may indi- 
cate a plant allied to the CyperacecB. 

Leaving these doubtful types, we may proceed to the considera- 
tion of Monocotyledons which can be systematically placed. 

Order i. LiuiFLORiE. — This order includes the Lilies, Irises, 
Yuccas, and their allies, most of which have conspicuous perianthed 
flowers, which vary considerably in structure, and may be of large 
size. The plants may be perennial, but are more usually annual, 
with rhizomes or bulbs. The Liliacece. (Lilies, Tulips, Aloes, Yuccas, 
&c.) are but of little palaeontological importance. From the Eocene 
and higher Tertiaries plants have been described under the names 
of Agavites, Yucca^ and Draccena^ the two last being existing genera ; 
but Dr Schenk considers that most of these belong to Draccena 
(Dragon-tree), now found in the Canaries, Africa, and India. Plants 
of the genus Stnilax — the type of a subfamily of Liliacece — occur in 
the European Tertiaries from the Eocene upwards ; although it 
seems doubtful if forms described as Stnilacina and Majanthemo- 
phyllum really belong to this group. The Juncacem, or Rush family, 
are known by species of Juncus from the Upper Miocene of jfEnin- 
gen ; and, according to Dr Schenk, a species of Iris from the same 
deposits is the only fossil representative of the Iridacece^ although 
several other fossils have been described under that name. In the 
Dioscoreacece (Yams), Dioscorites^ from the European Miocene, is 
probably allied to Dioscorea ; while in the Pine-apple family, or 
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Bromeliacea^ the typical Bromelia apparently occurs in the same de- 
posits. Other fossils referred to these families are, however, distinct. 

Order 2. ENANXiOBLASXiE. — There is some uncertainty as to 
whether this small order is represented in a fossil condition, but it 
is not improbable that Eriocaulon occurs in the Tertiary of the 
United States. 

Order 3. SPADiciFLORiE. — With this order, which comprises the 
Palms, Screw-pines, and Arums, we come to one of considerable 
palaeontological importance, as including several of the earliest 
representatives of the class. They are typically tall plants, with 
large wide-spreading leaves, and the inflorescence forming a spadix, 
generally enveloped in a large spathe, and without a petalled peri- 
anth ; the seed being generally large, and often of huge size. The 
first family of the Palmacece now includes about one thousand species 
from the warmer regions of the globe, and dates back to the Upper 
Cretaceous. In the higher Cretaceous of Europe we meet with Palms 
referred to the extinct genus Flahellarta^ which also ranges into the 
Miocene, and has been recorded from the ^Cretaceous of the United 
States. Fasciculites^ from the Cretaceous of Greenlgind, is regarded 



Fig. 1404. — A, Leaf of Chatnarops kehetica ; from the Uppet Miocene of SwitzC ’land. 
B, Leaf of Sabal major; from the Lower Miocene of France. Reduced. 


with some hesitation as a Palm-stem ; and Mr Gardner figures Palm- 
wood from the Folkestone Gault; but many other earlier fossils, 
such as FalcBospathe, are not Palms at all. In the Tertiary Palms 
are abundant, and from the Eocene to the Upper Miocene we meet 
with forms with pinnate leaves allied to the existing Phoenix (Date- 
pakn]^ which have been described under that name, or as Phoeni- 
cites and Calamopsis. Of the group with fan-like leaves we have 
alteady mentioned Flabellaria^ and throughout the European Ter- 
tiary there occur leaves referred to the Old World genus Chamcerops 
and to Sabal of North America (fig. 1404) ; both of which genera 
have a more northerly distribution than any other types. Sabal 
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major (fig. 1404) occurs in the Lower and Middle Miocene of 
Europe, and also in the Miocene of Northern India ; while remains 
of the same genus have been described from the Tertiary of the 
United States. In the Lower Eocene of Europe and the Chalk of 
Fuveau large fruits occur known as Nipadites (fig. 1405), from their 
resemblance to the triangular fruits of the Oriental and Australasian 
genus Nipa^ which so«ie writers class with 
the Palms and others with the Pandanacece, 

There is considerable doubt whether the small 
family Cyclanthacea^ of tropical America, is 
represented in a fossil state, but fragmentary 
leaves from the Lower Eocene of Sezanne 
have been described as Zudovwpsis, from their 
supposed resemblance to those of Ludovica, 

The well-known Pandanacece^ or Screw-pines, 
are trees or shrubs with long simple imbri- 
cated leaves, usually spined on the edges and 
back, and unisexual or polygamous flowers, Fig. 1405.— Fruit of jv/>i^r- 

i 11 r diies ellipttcus; from the 

without perianth, and covering the whole of London Clay. Reduced, 
the spadix; the fruit beftig in the form of 
drupes with single seeds, or berries with numerous seeds. All the 
living forms are tropical. Leaves from the Tertiary and Upper 
Cretaceous of Europe have been referred to Pandanus ; but it is a 
question whether at least some of these do not indicate a distinct 
genus. In the Cretaceous and Jurassic of Europe, extending as far 
north as Greenland, there occur fruits to which the name Kaidacar- 
pum ^ has been applied, and which are regarded by their descriher, 
Mr Carruthers, as undoubtedly Pandanaceous, although Dr Schenk 
is not absolutely satisfied of the correctness of this reference. The 
fruit consists of a thick spadix, wfith bunches of drupes, each of which 
contains a single seed ; the whole arrangement being strikingly like 
that of the existing Sussea. Podocarya is an apparently allied fruit 
from the Inferior Oolite ; and some authorities regard Williamsonia 
(p. 1528) as related to this genus. Goniolina^ from the Kimeridgian 
and Corallian of France, is founded on compound fruits which are 
compared by Mr Gardner to those of Pandanus^ and of which the 
description is as follows : — 

“ Small ovoid aggregated fruits, like those of Pandanus^ borne on a 
naked, cylindrical, and relatively slender petiole. The heads of the very 
numerous fruits are arranged in spirals and regular, pressed together, 
and barely a millimetre across. They are of hexagonal shape, and six 
keels extend from the angles and meet in a raised point at the centre. 
The interior axis is cylindrical, and impressed by scars made by the 
bases of the fruits, completing its likeness to Pandanus ^ 



^ Correctly Cadacarpum. 
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The reed-like plants of the family lyphacea occmx throughout the 
Tertiary, where we have Typha (Reed-mace) or the allied Typhm- 
loiputn^ and Sparganium^ although it is doubtful if the Cretaceous 
plants referred to these genera are rightly named. The Aracece 
(Arums and their allies) appear to date from the Upper Cretaceous, 
tkhough it is extremely uncertain if the Tertiary plants described 
as Aroites and Aronites really belong to this^family. Acorus (Sweet- 
flag) occurs in the Miocene of Spitzbergen, and is also found in 
amber; and Pistia, a tropical water-weed allied to the common 
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Fig. 1406.— A, Fruiting-organ of Goniolinal b anti c, The individual fruits enlarged ; 
from the Kimeridge Clay of France. (After Saporta and Marion.) 

Duck-weed {Lemna\ occurs in the Laramie beds of America and 
the Upper Cretaceous of the Continent ; but the plants from the 
Westphalian Chalk and the Laramie beds, described as Pistites and 
Lemnophyllum^ according to Dr Schenk, are not Monocotyledons. 
Lemna has been described from the I^ramie and Middle Tertiary 
of North America, and also from the Miocene of Wiirtemberg. 
Pothocites^ of the Carboniferous, which has been referred to this 
family, is part of a Sigillarian. In the aquatic Naiadacece we have 
remains of the fluviatile genera Posidonia and the marine Zostera 
(Zosterites) dating from the Upper Cretaceous of both the eastern 
and western hemispheres. Cymodocea may also date back to the 
Eocene, although many of the forms described under its synonym 
of Caulinites are totally different. Naias occurs certainly in the 
Miocene of CEningen, and perhaps in lower beds ; while Potamo- 
geton (Pond-weed), with its dimorphic leaves, elates from the 
Upper Eocene of Aix, and is also found in the Tertiaries of North 
Ameftca. 

Order 4. GtUMiFLORiE. — This order includes the Grasses, 
Sedges, &c., and is of but little importance to the palaeontologist. 
In the Graminea, exclusive of some very doubtful forms, we may 
notice that Bambusa (Bamboo) occurs in the Pliocene of Europe ; 


ANGIOSPERM^. 


1543 

but that the so-called Bambusium is probably Equisetaceous. 
Antndo and the allied Phragmites are stated to make their first 
appearance in the Upper Cretaceous of both hemispheres; while 
Fseudophragmites and Arundites^ dating from the Eocene, are more 
or less closely allied extinct types. In the Cyperacea (Sedges) 
numerous fossil Tertiary plants have been described as Carexl 
CyperuSy Cyperites, an<i Scirpus, the former being also recorded 
from the Laramie ; but all these determinations are exceedingly 
doubtful, and it can only be stated with certainty that Cyperus 
occurs in the CEningen Miocene. 

Order 5. Scitamine^. — The past history of this large tropical 
order is even more imperfect than that of the last. In the Musacece 
, (Plantain) large leaves, from the Eocene and higher Tertiaries, have 
been described under the names of Musaphyllum or Musa^ but Dr 
Schenk suggests that some at least of these may belong to the 
AracecB, Under the name of Zingiberites imperfect leaves, from 
the Upper Cretaceous of Greenland and the Swiss Tertiary, have 
been regarded as indicating fossil Zingiberaceix ; and a similar posi- 
tion has been given to Amomocarpum and Amomophyllum of the 
Upper Eocene of Paris. Finally, Cannophy Hites ^ of the latter beds, 
has been considered as an ally of the existing Canna among the 
Marantacece. 

Order 6. Gynandr/e. — The only fossils hitherto referred to the 
Orchids are the Protorchis and Palmorchis^ of the Middle Eocene of 
Monte Bolca ; and it is probable that the greater number of these 
plants, with their highly specialised and complexly perianthed flowers, 
are of comparatively recent origin. 

Order 7. HELOBiiE. — The last order comprises aquatic and 
marsh plants which date back to the Upper Cretaceous. Laharpia^ 
from the Miocene of QEningen, may perhaps indicate a member of 
the Jungaginacece allied to the existing Scheuchzeria. In the AHs- 
macece some of the forms, occurring from the Cretaceous upwards, 
referred to Alisma and Sagiftaria^ may be correctly named. Butomus 
has been recorded from the Miocene of CEningen. Of the Hydro- 
charitacece^ Stratiotes and Hydrocharis have been described from 
CEningen, and the extinct Hydrocharites from the Miocene of Bonn ; 
while Valisneria and Ottelia date from the Upper Eocene of the 
Paris basin in Europe, but the former also occurs in the Laramie of 
America, and thus carries back its origin to the Cretaceous. 

Subclass II. Dicotyl/e, — The Dicotyledons are plants living 
two cotyledons or seed-leaves, and the stems exogenous like those 
of the Gymnosperms. They represent the highest type of plant- 
life, their organisation being a great step in advance of the Mono- 
cotyledons. The earliest known members of this group occur in 
the reputed Lower Cretaceous of Greenland, where, however, only a 
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few forms are known ; but when we come to the Dakota stage of 
the United States, which is usually correlated with the lower part of 
the Upper Cretaceous of Europe, Dicotyledons formed a large pro- 
portion of the flora, more than three hundred species having been 
described in 1885, which belong to both sections of the sub- 
class. This abundance of forms pointing to the conclusion that 
the origin of Dicotyledons must be looked for in considerably 
earlier epochs. 

Very different views are held by authorities as to the classification 
of Dicotyledons, some dividing them into several primary groups, 
while others only admit the three divisions Apetalse, Polypetalse, and 
Gamopetalse. Dr Endlicher, however, makes only two divisions — 
Choripetalae and Sympetalse, — and since this arrangement is adopted 
by Dr Schenk in his ‘ Palaeophytologie,’ it will be followed in this 
work. 

The larger proportion of the Cretaceous and Eocene Dicotyledons 
belong to the Choripetalae, and especially to those orders in which 
the flowers are fertilised merely by the agency of the wind ; the 
more specialised Sympetalae, which require the aid of insects for 
this purpose being in great part of later date. The labours of Baron 
von Ettingshausen have shown that the Cretaceous, and early Ter- 
tiary Dicotyledonous (and also the Monocotyledonous and Gymno- 
spermous) flora was almost similar throughout the world ; and that 
its present division into provinces is in great part due to the influ- 
ence of one or more glacial periods. Bearing in mind this world- 
wide distribution of so many of the genera, it will be unnecessary in 
most cases to do more than mention their earliest established occur- 
rence ; and owing to the immense number of families only the more 
important types can be even mentioned at all. Space will not 
permit any reference to the gradual differentiation of the existing 
floras, or to the interesting distribution of modern arctic types in 
the Pleistocene, for which the reader must refer to the works of 
Baron von Ettingshausen, Sir J. W. Dawson, and other writers. 
It should be mentioned that in the case of trees known only by 
the leaves the generic determination may be open to doubt in 
some cases. 

Division A, Choripetalae. — This large group is characterised by 
the petals being either absent, or if present not united together. 

Order i. AM^^fTACEiE. — This order comprises trees which are 
typicj^lly apetalous with the male flowers in the form of catkins. 
It includes five families, and comprises some of the earliest known 
representatives of the subclass. The first family, CasuarintdcBy is 
now represented only by the well-known Casuarina of the Australian 
and the eastern Malayan regions : this genus apparently occurs in the 
Lower Tertiary of Sumatra, but it is very improbable that the Euro- 
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pean fossils described under this name are really referable to the 
group. With the CupulifercB^ containing the Alders, Birches, Hazels, 
Beeches, Oaks, &c., we come to a large group well represented in a 
fossil state, many of the forms being known by the seeds as well as 
the leaves. The existing genera Alnus (Alder), and Betula (Birch), 
are recorded from the Laramie and Dakota stages of the Upper 



Fig. 1407. — Leaf of Alnus fp'ocilis', from 
the Miocene of Europe. (After Unger.) 



Fig. 1408. — Leaf of Betula cuspidens^ 
and fruit of B dryadum ; from the Lowei 
Miocene of Europe. Reduced. (After 
Saporta and Brongniart.) 


Cretaceous of the United States, and likewise from the Cretaceous 
of Greenland, but Dr Schenk suggests some doubt as to whether 
these forms really belong to the living genera, and would prefer to 
call them Alnophyllum and Betulophyllum, An allied Cretaceous 
form has been named Alnites. In the Tertiary the existing genera 
(figs. 1407, 1408) are well represented from the Eocene upwards. 
In the next subgroup Corylus (Hazel), Ostrya, and Carpinus (Horn- 



Fig. 1409. — Leaf of Dryophyllum ; from the Lower Eocene of Europe. Reduced. 
(After Saporta.) 


beam) also occur from the Eocene, while the former is regarded 
from the Laramie. Fagus (Beech) dates from the Dakota stage, 
which has also yielded remains referred to Castanea (Chestnut); and 
Castanopsis has been recorded from the American Eocene, and the 
Australian Tertiary, although it is suggested that some of the forms 
so named may belong to Dryophyllum. The latter name is applied 
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to elongated leaves (fig. 1409), from the Upper Cretaceous and 
Eocene of both Europe and North America, which appear to be in 
some respects intermediate between those of 
Castanopsis and the earlier species of Oaks. 
The leaves of Quercus (Oak) are subject to 
an enormous amount of variation, rendering 
the determination ofo fossil forms a work of 
extraordinary difficulty. One of the most 
ordinary and characteristic types of leaf is 
shown in fig. 1410, but in the early Ter- 
tiary and Upper Cretaceous we meet with 
long slender oak-leaves approximating to 
those of Castanea in general contour. The 
earliest recorded occurrence of the genus 
is in the Dakota stage, and it is abundant- 
F«g. 1410.— Leaf of Quercus ly represented throughout the Tertiaries ; 

leaves, from the Tertiary of Australia, in 
which country oaks are now absent, have 
been described as Quercus^ but doubt has been thrown on this 
determination. In the Juglandacece^ the genus Juglans (Walnut) 
probably dates from the Upper Cretaceous of America and Green- 
land ; the Tertiary species of 
which a leaf is figured in the 
woodcut occurs on both sides 
of the Atlantic, and appears to 
be closely allied to the existing 
y] regia. The name Jugland- 
ties has been applied to leaves 
from the Upper Cretaceous and 
Eocene of Europe, which are 
believed to indicate an allied 
typ6. Cary a (Hickory), now confined to America, is recorded from 
the Cretaceous of that country, and occurs in both the European 
and American Tertiaries. Similarly the Old World Pterocarya is 
represented in the Tertiaries of both hemispheres, while the Oriental 
genus Engelhardtia occurs in the Upper Eocene of Aix, where it 
has been described as Palmcarya. In the Myricacece the single 
genus Myrica makes its first appearance in the Upper Cretaceous 
of Greenland and North America, and is common in the Tertiaries. 
Of njpre palaeontological importance is the family Salicacece^ in which 
both Populus (Poplar) and Salix (Willow), (fig. 1415, d\ date from 
the Upper Cretaceous. A leaf from beds at Komi in Greenland, 
which have been regarded as Lower Cretaceous, has, indeed, been 
described as Populus^ but according to Mr J. S. Gardner on totally 
insufficient grounds; but Sir J. W. Dawson considers that Salix 



Fig. X4XI. — IjcsS oi yug-lans acumiPtata ; from 
the Aliocene of Europe. Reduced. (After 
Schenk.) 
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may occur in the Lower Cretaceous of the United StMes. The 
species of Populus of which a leaf is figured in the woodcut ex- 
tends from the Lower Miocene to the 
Pliocene. 

Order 2. Urticin^e. — This order 
contains the three families UlmacecB^ 

Urtkacea^ and Ceratophylece ; the last 
of which requires no further mention. 

In the first family Ulmus (Elm) makes 
its first undoubted appearance in the 
Upper Eocene (Lower Oligocene) of 
Aix, in Provence, but the Asiatic and 
American Planera dates from the La- 
ramie Cretaceous, and is common in Fig. i4i2.~Leafof 
the European Tertiary. Celtts (Net- duced. (After Schenk.) 
tie-tree), now abundant in southern 

Europe, is well represented throughout the Continental Miocene ; 
while Morus (Mulberry) is unknown before the Upper Miocene. 
The tropical Artocarpiis (Bread-fruit) dates from the Upper Creta- 
ceous of Greenland, and also occurs in the CEningen Miocene ; and 
it is probable that some of the forms from the Lower Eocene and 
Miocene of Europe described under the names Artiocarpidium and 
Artiocarpoides are allied types, although others belong to Ficus, 
The latter genus includes the numerous species of Fig mostly 
characteristic of the warmer regions ; it dates from the Greenland 
Cretaceous and the Laramie, and is abundant in the Tertiaries of 
many parts of the globe. The names Ficonium and Protoficus have 
been applied to fig-like leaves from the Eocene, some of which may 
belong to this family. In the Urticacece it has been considered that 
Urtica (Nettle) occurs in the Middle Miocene of Styria, but this 
requires confirmation. That the family occurred in the Tertiary is, 
however, proved by the genus Forskohleanthemum^ which is found 
in amber, and is allied to the existing tropical and subtropical 
genus Forskohlea, Here may be mentioned certain genera of 
uncertain affinity which are considered by Dr Schenk to be allied to 
the UrticacecB, although Sir J. W. Daw^son would place them near the 
Platanacece ; these comprise the Upper Cretaceous Credneria and 
Ettingshausia from Europe \ Macclintockia^ with more elongated 
leaves, from both the Cretaceous and Eocene ; and Protophyllum 
of the American Cretaceous, which is considered by Dr Schaak to 
be allied to the existing Urticaceous genus Laporiea, 

Order 3. Piperine.®. — In this group Piper (Pepper) and allied 
forms described as Piperites occur in the Lower Tertiary of Java 
and Sumatra; the existing forms being now tropical. 

Order 4. Centrosperma:. — This large order, which includes the 
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Pinks and Portulacas, is very sparingly represented in a fossil state, 
but we may mention that Polygonum^ Coccolabis^ and Salsola occur 
in the European Miocene ; while Pisonia is found in the Middle 
Tertiaries of both Europe and North America. 

Order 5. Polycarpiee. — Of the nine families constituting this 
order only the Lauracece^ Nymphcsacecs^ and Magnoliacece are of 
much importance to the palaeontologist. In the 
LauracecB the existing genera Laurus (Laurel), 
Sassafras (fig. 1415, a) Cinnamomum (Cinnamon, 
fig. 1413), Persea (Alligator-pear, fig. 1414), and 
Oreodaphne^ occur in the Upper Cretaceous of 
Europe or the United States, and throughout the 
greater part of the Tertiaries. With the excep- 
tion of Laurus all these genera are now tropical 
or subtropical, Persea and Oreodaphne being re- 
stricted to America ; and their abundance in the 
European Tertiaries affords conclusive proof of 
the warm climate of that epoch. Cinnamomum 
Fig. also occurs in the Tertiary of Australia, and Litscea 

that of Bomco. In the Berberidacece the type 
E^r^^ genus Berberis (Berberry) dates from the Lower 

Miocene ; but with the Menispermacece we return 
to a family dating from the Cretaceous, where it is represented in 
the United States by the extinct Menispermites, Cocculus, of the 
Oriental region, is found in the European Pliocene, and has also 
been recorded from the Eocene, but the latter determination is 
doubtful. Leaving out some other unimportant types we may pass 
to the family Magnoliacece^ which has a palaeontological history of 




Fig. 14x4. — Leaf of Persea princePs; from the Upper Miocene of Switzerland. Reduced. 

(After Heer.) 


considerable interest. The type genus Magnolia^ so well known for 
its magnificent white flowers, is now confined to Asia and North 
Amelia, but in the Tertiary was spread over all Europe, and has 
also been recorded from Australia ; its earliest appearance being in 
the Upper Cretaceous of France and the United States. The other 
well-known genus is Liriodendron, now represented only by the 
handsome Tulip-tree (Z. iulipifera) of eastern America, but in former 
times having a wide distribution, and dating from the Cretaceous of 
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both hemispheres. The leaves (fig. 1415, are readily recognised 
by their lyre-like form and deep terminal emargination. 

The observations of Dr Newberry on this genus are so interesting 
that, with some omissions and verbal alterations, they may be quoted at 
length. The doctor observes, “ that a plant so splendid should stand alone 
in the vegetation of the present day excited the wonder of the earlier 
botanists, but the Sassalfas, Sweet-gum, and the Sequoias of the West 
afford similar examples of isolation. Three species of Liriodendron 
occur in the Cretaceous of New Jersey, and others have been obtained 
from the Dakota group in the West, and from the Upper Cretaceous of 



quereux.) 


Greenland. Though differing considerably among themselves in size 
and form, all these have the deep sinus of the upper extremity of the 
leaves so characteristic of the genus, and the venation is also essentially 
the same. Hence we must conclude that the genus, now represented by 
a single species, was in the Cretaceous age much more largely develop^, 
having many species, and those scattered over many lands. In the 
Tertiary the genus continued to exist, but the species seem to have been 
reduced to one, which is hardly to be distinguished from that now living. 
In many parts of Europe leaves of the tulip-tree have been found, apd it 
extended as far south as Italy. Three European species have, indeed, 
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been described, btit they are all so like the living form that they should 
probably be united with it. We here have a striking illustration of the 
wide distribution of a species which has retained its characters both of 
fruit and leaf quite unchanged through long migrations and an enormous 
lapse of time. In Europe the tulip-tree, like many of its American 
associates, seems to have been destroyed by the cold of the glacial 
period, the Mediterranean cutting off its retreat ; but in America it 
migrated southward, and returned northward ^^with the amelioration of 
the climate.*’ 

The mainly tropical family of the Anonacece includes trees and 
shrubs closely allied to the Magnolias, and the existing American 
and Malayan genus Anona is represented in the Upper Cretaceous 
and Tertiary of the United States, while in Europe it is found from 
the Eocene to the Pliocene. The extra-tropical North American 
genus Asimina occurs in the Laramie and Eocene of the same 
regions. The large family of the Ranunculacea is sparingly repre- 
sented in a fossil state ; thus Clematis has been recorded from the 
reputed Pliocene of Japan, the Miocene of CEningen, and the 
Eocene of Croatia, but it is not absolutely certain that the deter- 
mination is correct. The same remark applies to other Tertiary 
plants referred to Ranunculus and Helleborus {Helleborites). The 
names Dewalquea and Debea have been applied to Upper Cretaceous 
plants considered to belong to this family, although Dr Schenk 
suggests affinity with the Aroidece, The Water-lilies of the family 

Nymphceacece date from the Upper Creta- 
ceous, where we meet with remains of 
the existing genus Nelumbium^ succeeded 
in the Upper Eocene (Oligocene) by 
Nymphma (fig. 1416). Seeds from the 
Miocene of Germany, described as Holo- 
pleura^ are considered to be allied to 
those of the celebrated Victoria^ of the 
African lakes. Other Terri ary types 
have been referred to extinct genera 
under the names of Ancectomeria^ Nym- 
phccites^ and Carpolithes, Finally, the 
genus Nuphar is unknown before the 
Norfolk Forest-bed, where we meet with 
the existing Yellow Water-lily. 

Order 6. RnotoiNiE. — Of the Fapavtracea (Poppies) and 
^constituting this order, the palaeontological history is almost a 
blank, although a few Miocene forms have been referred to them. 
The CrucifercR include the Cabbage tribe. 

Order 7. CistifloRuE. — This order is of somewhat more palaeon- 
tological importance. In the Violacece (Violets and Pansies), An- 
chieHa is recorded from the Miocene of Auvergne; while in the 



Fig. 1416. — Under surface of a 
leaf of Nelumbium Dnmasi; from 
the Upper Eocene of France. One- 
eighth natural sixe. (After Saporta ) 
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CistacecR (Rock*roses) a Cistus has been described from that of 
Germany. A Kiggelaria^ from the Upper Eocene of Saxony, is the 
only fossil representative of the Bixacece, The tropical family Tern- 
strcemiacea is somewhat better known ; thus we find Pentaphylax 
in amber of middle Tertiary age, while Stuartia also occurs in 
amber as well as in Pliocene beds. The genera Ternstrcemia^ 
Freziera^ and Sauruja mre known as fossils only by their leaves ; 
the first dating from the Cretaceous of Bohemia, the second from 
the Eocene, and the third from the Miocene. Another tropical 
family, the Dipterocarpea^ is represented in the Eocene of Sumatra 
and Borneo by species of the genus Dipterocarpus^ now inhabiting 
the same regions, and yielding the balsam of Copaiba. 

Order 8. Columnifer^e. — This order includes the four families 
Tiliacem^ Sterculiaceee^ MalvacecB^ and Bomhacem. In the first the 
existing genera Tilia (Lime), Grewia, and Elceocarpus occur fossil, 
the former dating from the Laramie, and the two latter from the 
Upper Eocene or Lower Miocene. Of extinct genera we may 
mention the Cretaceous and Lower Eocene Grewiopsis and Apei- 
bopsis ; the former being known by leaves, and the latter by gourd- 
like fruits, of very common occurrence in the London Clay, which 
resemble those of the existing American genus Apeiba, Nordett'^ 
skioeldia is based on allied fruits from the Tertiary of Spitzbergen. 
The SterculiacecB is an exclusively tropical family of trees and 
shrubs, in which the existing genus 
Sterculia commences in the Da- 
kota Cretaceous, and continues 
right through the European Ter- 
tiaries. Extinct genera are Dorn- 
beyopsisy Pterospermites^ and Fraca- 
Stella^ all of which commence in 
the Cretaceous, and continue to 
the Lower or Middle Tertiary. 

The leaves of Dombeyopsis (fig. 

1417) are acutely trilobate, with 
numerous veins. The Malvacem 
and BombacecB have left but little 
record of their past history; but 
Bombax occurs in the Upper Eo- 
cene of Europe. 

Order 9. Gruinales. — ^T he 
palaeontology of this order, which 
includes Geraniums, Tropaeolums, 

Sorels, Flax, and Balsams, may be summed up in very few words. It 
is thought that Geranium may occur in amber ; the Tertiary Oxali- 
dites is referred to the Oxalidacece ; but the Tertiary fruit described 



Fig. 1417.— Under surface of a leaf of 
Dombeyopsis Decheni; from the I.otier Mio- 
cene of Germany. One-fourth natural size. 
(After Schenk.) 
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as Linum (flax) is of very doubtful value as evidence of the family 
Unacea. 

Order 10. Terebinthin/e. — Of the families constituting this 
order, several are very imperfectly known before the present epoch. 
In the Rutacece (Rue-worts) the genus Xanthoxylon^ which is now 
mainly tropical, occurs in the Upper Eocene and Lower Miocene 
of Europe, and also in the North American Tertiaries. Ptelea 
appears at the same date, but persists to the close of the Miocene 
period. With regard to Protamyris^ from the Tertiary of Croatia, 
which was described as being allied to the existing Amyrts, there is 
considerable doubt whether it really belongs to this family at all. 
In the Simarubacem the Indian and Chinese genus Ailanthus was 
formerly more widely spread, being found in Europe from the 
Upper Eocene to the Upper Miocene. There is some doubt 
whether the plants from the Middle Eocene of Monte Bolca, 
referred to the genus Guajacites^ are really representatives of the 
American family Zygophyllacea, The large family of the Anacar- 
diacece, typically represented by the tropical Anacardium (Cashew- 
tree), is known by a considerable number of fossil forms, although 
there is some doubt as to whether several of these are rightly de- 
termined. From the Upper Eocene of Provence a fruit has been 
referred to this family under the name of Trilobium. Pistachia 
(Pistachio), now distributed over the temperate zone of the northern 
hemisphere, is known from the European Upper Eocene and Mio- 
cene ; while the name Anacardites has been given to leaves occur- 
ring from the Cretaceous to the Miocene. A large number of 
species, dating from the Upper Cretaceous and continuing through 
the Tertiaries of both Europe and America, have been referred to 
Rhus (Sumach), but it is probable that some of these belong to 
other plants. Of the other families, it will suffice to say that in 
the CoriariacecB the genus Coriaria occurs from the Lower Miocene 
to the Pliocene of Europe. 

Order ii. ^EscuLiNyE. — In this order the family SapindacecB, 
with the exception of Kmlreuteria^ Staphylea^ and yEsculus^ is now 
confined to the tropics, and includes trees of large size. Fruits 
from the London Clay termed Cupanoides^ and others from the 
Miocene of Croatia described as CupaniteSy are believed to have 
belonged to sapindaceous trees allied to Cupania. Paullinia has 
been recorded from the Middle Tertiaries of the Continent, while 
f[,mlr^teria occurs in the Upper Miocene. Fruits from the Ter- 
tiary of Eubaea have been referred to Nepheliuniy while an imperfect 
leaf from Borneo probably belongs to the same genus. SapinduSy 
which in America does not range north of Texas, is abundantly re- 
presented in the Upper Cretaceous and Tertiaries of both the Old 
and New Worlds. jEscuIus (Horse-chestnut) has been recorded 
from the Laramie beds, but in Europe appears to be unknown 
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before the Lower Miocene, although said to be abundant in the 
earlier Tertiaries of Japan. Dodonceay now mainly confined to the 
southern hemispheres, is found in the Tertiaries of Europe and 
North America. Again, Staphylea^ which is unknown as a fossil in 
Europe, is abundant in the Eocene of the 
United States. The genus Acer (Maple and 
Sycamore), now widely tdistributed, is repre- 
sented by a great number of fossil species 
ranging from the Laramie stage upwards. The 
leaves are subject to great variation in form, 
the most remarkable types occurring in the 
Pliocene A. polymorpha ; the woodcut shows 
a leaf of the more ordinary form together with 
one of the characteristic winged seeds. 

The mainly tropical family Malpighiacece 
is represented in the Tertiary from the Upper 
Eocene to the higher Miocene by several o^Acer^li:Zuhfat'af}xlm 
existing genera, such as Stigmaphyllum, o'e 
Banisteria, Tetrapteris^ and Hircea^ together (After Schenk.) 



with the extinct Malpighiastrum^ ranging 

from the Eocene to the Upper Miocene or Pliocene ; the whole of 
the above-mentioned existing genera being now confined to America. 

In this place we may mention the family Platanaceoe which is 
placed by some writers in the Amentacese or Urticinae, but of 
which the ovary and the general ap- 
pearance of the trees bring it near to 
the Maples and Sycamores. Of the 
single genus Platanus (fig. 1419) there 
is now one species in Asia Minor and 
another in North America ; fossil forms 
occurring as low down as the Dakota 
Cretaceous and continuing through the 
Tertiaries of both hemispheres, their 
last appearance in Europe being in the 
dEningen Miocene. 



Order 12. pRANGULiNiE. — Among 
the more important fossil forms found 
in this order we may mention that in 


Fig. 1419. — Platanus aceroides, 
a, Leaf; b, The core of a bundle of 
pericarps , c, A single fruit or peri- 
carp, natural size. Upper Miocene. 


the CelastracecB Euonomus (Spindle- 

wood) makes its first known appearance in the Miocene by ^orms 
allied to Indian types ; while Celastrus dates from the Cretaceous 
of Greenland, and is known by a host of Tertiary species. The 
two extinct genera Celastrophyllum and Celastrinites commence in 
the Upper Cretaceous, the one continuing to* the Pliocene but the 
other unknown above the Eocene. Finally, remains from the 
Miocene of Styria have been referred to the South American 
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genus Maytenus, Whether the HippocrateactcR and Pittosporeacece 
occur fossil is uncertain, although Tertiary plants from Styria 
have been referred to Hippocratea and others from Provence to 
Pittosporum, 

In the Aquifoltacece the genus Ilex^ typically represented by the 
Holly, is abundantly represented throughout the Tertiaries, and is 
also recorded from the Cretaceous of both hemispheres, commencing 
in the Dakota stage. The extensive family of the Rhamnacece has 
afforded ample proof of its existence in earlier periods ; thus the Old 
World genus Paliurus, and the tropical Zizyphus (Jujube) both date 
from the Cretaceous and persist in Europe till the Pliocene. In 
the Laramie Cretaceous and the European Tertiary we have the 
existing American genus Berchemia ; while other plants from the 
Laramie have been made the types of an extinct genus Rhamnites. 
Finally, the genus Rkamnus (Buckthorn), mainly characteristic of 
the northern temperate zone, can be traced back to the Upper Cre- 
taceous of the Old and New Worlds. The last family of this order 
as the Vitacece^ in which we find Cissus, of the tropics, recorded from 
the Miocene of Croatia and elsewhere ; allied Cretaceous forms de- 
scribed as Chsites and Chondrophyllum ; while Vitis (Vine) itself is 
known to date as far back as the Laramie Cretaceous. 

Order 13. Tricocc-®. — Of this order, which includes the 
Euphorbiacece (Spurges), Buxacem (Box), and Enipetracece^ the 
palaeontological history is almost a blank ; the first family being un- 
known in a fossil state, the second dating from the Pliocene, and 
the third from the Pleistocene. 

Order 14. Umbelliflor^e. — The occurrence of the typical 
family UmbeUiferx, of which Parsley is a well-known representative, 
in a fossil state is doubtful, but the other two families are commonly 
represented. Thus in the Araliacece Panax occurs in the Mio- 
cene, and has also been recorded from the Upper Cretaceous ; while 
AraUa also dates from the same epoch and was abundant in the 
Eocene ; and Hedera (Ivy) is first known from the early period of 
the Dakota stage. Finally, in the Cornacece the typical genus Cornus 
(Cornel) together with Nyssa make their appearance in the Upper 
Cretaceous. 

Orders 15, SAXIFRAGINiE; 16, OPUNXINiE; 17, PASSIFLORINiE. — 

Of these three orders the second is totally unknown in a fossil state, 
while the only trace of the third (Passion-flowers) is afforded by 
som% exceedingly doubtful leaves from the Oligocene. In ‘the first, 
however, the family ffamamelidacem is represented in the European 
Miocene by species of the existing Asiatic genus Parrotia^ and by 
the extinct Hamamelites of the Lower Eocene of Sezanne, while 
Liquidambar (Sweet-guitt) dates from the Cretaceous of Europe and 
the United States, the Cretaceous species having the leaves with 
entire margins. 
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Order i 8 . Myrtiflor^e. — In the OnogracecB the well-known 
genus Trapa (Water-chestnut), characterised by its peculiar spiked 
fruits and now confined to the Old World, makes its first known 
appearance in the Laramie Cretaceous of the United States, while 
in Europe it dates from the Upper Eocene (Lower Oligocene). 
Curiously enough 7! borealis of the Tertiary of Alaska and the 
Laramie stage is allied ^o the existing Oriental 71 bispinosa^ and 
not to the four-spined European species ; the writer has seen speci- 
mens from the Pliocene Siwaliks of Perim Island which probably 
belong to 71 bispinosa. The family Halorhagidacece is not known 
before the Pleistocene ; while there is only very doubtful evidence 
as to the occurrence of the Combretacece^ Lythrariacece^ and Me/as- 
tomacem in a fossil state, although plants from the Eocene of Pro- 
vence have been referred to Terminalia (Combretacece)^ and the name 
Melasiomites has been applied to others from the Westphalian Cre- 
taceous. In the Myrtacece^ however, we have a large number of 
fossil forms ; thus Myrtus (Myrtle) dates from the Upper Eocene of 
Provence, while an apparently allied Cretaceous type has received^ 
the name of Myrtophyllum, The genus Melrosideros, which includes 
several climbing species, and is now characteristic of the Molucci^s 
and the Australasian region, appears to be represented in Europe 
from the Cretaceous to the Miocene ; while Eucalyptus (Gum-tree), 
of Australia, occurs in the Laramie Cretaceous and the European 
Tertiaries. Finally, Callistemophyllum and Leptospermites are ex- 
tinct European Tertiary types. 

Order 19 . THYMEUNiE. — In the two families Thymelceacece and 
EleagnacecB the Australian genus Pimelea has been recorded from 
the Lower Tertiary of Europe and the United States, while Daphne 
is common in the European Tertiaries. A number of fossil forms 
have been referred .to the large family Proteacece^ but since at least 
in some cases the determinations are doubtful it will suffice to state 
that plants dating from the Eocene have been referred to the exist- 
ing genera Dryandra^ Banksia^ Knightia, Lomatia, Grevillea^ and 
Persoonia ; while as extinct types we have the Cretaceous Dryan- 
droides, and the Eocene Banksites, Knightites, Embothrites^ Loma- 
titeSy &c. 

Order 20. Rosiflor^. — This important order is not well repre- 
sented in a fossil state, although in some genera a considerable 
number of species have been described. In the Rosacece the genus 
Rosa (Rose) appears to be represented by several Miocene species ; 
while among the Amygdalacece Prunus (Plum) and Amygdalus 
(Almond) certainly date from the Miocene, and are perhaps of ear- 
lier origin. In the Pomacece Pirus (Pear) would likewise appear to 
occur in the Miocene, but the North American Cretaceous plant 
referred to this genus is probably different ; while of other types 
Amelianckier (Medlar) has been recorded from the Tertiary of 
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Europe and the United States and also from the Laramie. Coton- 
easier dates from the Eocene of Provence, and Cratcegus (Thom) 
from the Laramie. 

Order 21. LEGUMiNOSiE. — The large and well-known order of 
Leguminous plants, in which the fruit is usually in the form of a 
pod or legume, in which the seeds are placed, is divided into three 
families, of which the palaeontological histc^y is still imperfect. In 
the Papilionacece^ characterised by their imbricate papilionaceous 
petals, leaves from the Miocene of Croatia have been referred lo the 
Australian genus Gastrolobium^ but the determination is very doubt- 
ful ; and the same remark applies to those described as Oxylobium. 
Genista (Broom) has been recorded from the Miocene of Germany ; 
Cytisus from several European Miocene deposits ; and Trigone/ia, 
Indigofera (Indigo), and Tephrosia from the Upper Miocene of 
(Eningen. Robinia apparently dates from the Lower Miocene of 
Germany ; while Colutea occurs at CEn ingen, and is also recorded 
from the Cretaceous of America and Greenland ; and Erythina is re- 
presented in the Croatian Miocene. Passing by some less important 
forms we may notice that Daibergia, now mainly confined to India, 
is common in the European Tertiaries, and is also recorded from 
the Cretaceous ; while the American Drepanocarpus occurs in the 
Eocene of Monte Bolca, the Asiatic Pterocarpus in the Miocene, 
and the American Piscidia in the Miocene of Croatia. Micropodium^ 
Phascolites, and Ervites are extinct types from the Upper Eocene of 
Provence ; Palceolobium^ of the European Miocene, being also ex- 
tinct. Finally, Cercis (Jtidas-tree), now represented by only a few 
species in the northern hemisphere, of which one occurs in southern 
Europe, dates from the Laramie Cretaceous, and is abundant in the 
Tertiaries. In the Ccesalpiniacece the genus Gleditschia^ now con- 
fined to North America and China, occurs in the European Miocene, 
while Ccesalpinia dates from the Eocene. The Upper Eocene of 
Provence has yielded an extinct type termed Ccesalpinites, The 
widely spread tropical and subtropical genus Cassia makes its first 
appearance in the Cretaceous of both hemispheres ; Baukinia 
occurs in the Miocene of Croatia and CEningen ; and Ceratonia and 
Copaifera date from the Eocene. Hymencea^ of tropical America, 
is found in the Cretaceous of France and New Jersey ; and the ex- 
tinct Podogonium ranges from the Laramie Cretaceous to the 
CEningen Miocene. In the third family, or Mimosacece^ Prosopis 
and Jnga are described from the Eocene of Eubsea ; while Mimosa 
and Acacia date from the Upper Eocene of Provence. In conclu- 
sion we have to mention the extinct genus Leguminosites (fig. 1415, 
^r), ranging from the Cretaceous to the Miocene, of which the serial 
position is at present undetermined. 

Order 22. HEXEROPHYLLEiE. — With this order we come to the 
end of the Choripetalse. In the Aristolochiacece^ the type genus 
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Aristolochia^ which includes climbing plants, usually having coloured 
sepals, dates from the Dakota Cretaceous, and also occurs in the 
European Miocene. The occurrence of fossil representatives of the 
SantalacecB is open to some doubt ; but remains attributed to the 
genera Leptomeria^ Osyrts, and Sant alum have been described from 
the European Eocene and Miocene. The alleged occurrence of 
fossil representatives of ihe RafflesiaceiE and Balanophoracece is too 
doubtful to need mention. 

Division B. SvMPETALiE. — With this second primary division of 
the Dicotyledons we reach the last and most specialised group of 
plants, characterised by the union of the lower part of the petals 
into a complete tube. These plants are dependent entirely, or to 
a great extent, upon the aid of insects for their fertilisation, and a 
large proportion of them are in all probability of comparatively 
modern origin. The group is frequently termed Gamopetalae, and 
is divided into nine orders. 

Order i. Bicornes. — The family Ericacecs. is important from 
the effect which its massed foliage produces upon the landscape of 
many regions of the globe. Its type genus Erica (Heath), which 
is exclusively Old World, and very characteristic of the Cape, ap- 
pears to be unknown before the Upper Miocene of CEningen ; while 
Andromeda and Leucothea date from the Eocene. Gaultheria has 
likewise been traced back to the Eocene, in which period occur the 
extinct types described as Andromedites and Arbutites^ and also a 
species referred to the existing genus Arbutus. The Rhododen- 
drons, which some writers make the type of a distinct family, are 
represented by species of the widely-spread genus Rhododendron in 
the Eocene and Miocene, and by Azalea in the Miocene of Croatia 
and elsewhere. In the Vacciniacece^ the type genus Vaccinium (Cran- 
berry) is recorded from the Upper Eocene of Provence and higher 
deposits. 

Order 2. Primulin^e. — In this order the subtropical and tropical 
genus Myrsine, the type of the family Myrsiniacece, is said to date 
from the Upper Cretaceous, and is well represented in the Eocene 
of Provence and the higher Tertiaries. Myrsinites is an extinct 
Tertiary type ; and we also find in the Tertiary representatives of 
Ardisia, and some other forms of doubtful affinity. 

Order 3. Diospyrin^e. — Coriaceous leaves, found in the Upper 
Cretaceous of Greenland and the United States, and also in the 
Lower and Middle Tertiaries, have been described under the j;iame 
of Sapotites as being allied to the American and Australian genus 
Sapotaj the type of the family Sapotacece. The existing American 
genus Bumelia occurs in the Green River Eocene of that country, 
and also in the Eocene of Provence and other Old World Tertiaries. 
Achras, which is likewise now exclusively American, has been de- 
scribed from the Croatian Miocene. In the Ebenacea the genus 
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Diospyros (Ebony), now mainly tropical, is represented by a few 
species in the Dakota and Greenland Cretaoifeous, is very abundant 
in the Upper Eocene of Provence, but has almost disappeared from 
Europe in the Miocene. Finally, in the Sty^cacta^ the existing 
Asiatic and American genus Symplocos dates from the Lower Eocene 
of Europe. 

Order 4. Contort^e. — In this order thf Gentianacecz (Gentians) 
are unknown before the Pleistocene. In the Oleacece^ which in- 
cludes most of the European trees belonging to the present division, 
Oka (Olive) makes its appearance in the Eocene of Provence; 
while the Australian genus Notelaa is recorded from the Eocene 
and Miocene of the Continent ; and Fraxinus (Ash) occurs as far 
back as the Laramie Cretaceous. In the Apocyanacece we may 
mention Nerium^ from the European Cretaceous and Tertiary, and 
Taberncemontana^ from the Eocene and Miocene ; together with the 
extinct Eckttonium, of the Eocene, and Apocynophyllum^ of the Cre- 
taceous and Tertiary. 

Order 5. Tubiflor^e. — In the Convolvulacese the tropical genus 
Parana occurs in the Upper Miocene of QEningen, and the some- 
what older Tertiary of Croatia ; while plants from the upper lignites 
of Winterhafen have been referred to Convolvulus. It is very doubt- 
ful if the Asperifoliacece are represented in a fossil condition, while 
the Solanacece (Night-shade, Potato, Tomato, Tobacco, &c.), are 
unknown.^ 

Order 6. Labiatiflor^. — The only family of this order of 
which we have any certain palaeontological record is that of the 
Blgnoniacece^ in which we have representatives of the existing 
American genus Catalpa in the Laramie Cretaceous, and perhaps 
in the European Tertiaries. The occurrence of Bignonia in the 
latter is very doubtful. 

Order 7. Campanulin^. — This group, containing the Cam- 
panulas, Gourds, &c,, seems to be unk-nown before the present 
epoch. 

Order 8. RuBilNiE. — In this order the Ruhiacect are represented 
in the Miocene of Bonn by the extinct Rubiacites ; and we have 
evidence of the existence of the handsome Asiatic and African 
genus Gardenia in the Miocene of CEningen and the Lower Eocene 
of the Soissonais. In the Caprifoliacea^ the widely-spread genus 
Viburnum is represented by a number of species in the Laramie 
Cretaceous, and less commonly in the Tertiaries. The Miocene of 
CEningen has yielded remains of Lonicera. 

Suborder 8. Aggreoat^e. — ^With the specialised Compositce we 
come to the end of our brief survey of the palaeontological history 
of the Vegetable Kingdom. These plants are characterised by the 


^ The Eocene Solanttes does not belong to this family. 
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collection of the smal|.^parate flowers in a common receptacle, the 
peripheral florets being modified into strap-like rays surrounding 
the fertile flowers of the disk. All the fossil forms have been re- 
ferred to extinct giaera, and include Parthenites and Cypselites^ of 
the Upper Eocene of Provence ; Bidentites, from the Upper Miocene 
of CEningen ; HyoseriUs^ from the Tertiary of Priesen ; Hieracites^ 
from Provence ; and dStlphidtum, from the Tertiary of Chiavon, 
which is supposed to be allied to the existing Silphium, 

In this place it may be well to mention certain flowers from the 
Amboy Clays of New Jersey — the equivalents of the Dakota Creta- 
ceous — which have been described under the name of PalcBantkus, 
and are stated to present resemblances to those of the Composite^. 
Dr Newberry observes, however, that “ though these flowers so 
much resemble those of the Composites^ we are not yet warranted in 
asserting that such is certainly their character.” 
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I. INVERTEBRATE ANIMALS. 

Foraminifera. 

Mr E. Wethered has shown (*Geol. Mag./ May 1889) that 
forms of Girvanella (see p. 127) occur abundantly in some of the 
Jurassic limestones of Britain. Mr Wethered has also made the 
interesting observation that the spheres of some of the so-called 
‘‘pisolites ” of the Jurassic series are in reality formed by the growth 
of layers of Girvanella round a central nucleus, and are, therefore, 
not of the nature of ordinary oolitic grains. 

RECEPTACULITIDiE (p. I 70). 

The remarkable fossils which are grouped together under the 
name of Receptaculitidce have recently formed the subject of an 
important investigation by Herr Rauff (‘ Zeitschr. d. Deutschen 
Geol. Gesellschaft,^ Bd. XL.) The following are the principal 
general conclusions at which this observer has arrived : — 

1. The Receptaculitidce are spherical or pyriform bodies, with a 
central closed cavity, the supposed basin-shaped examples being 
only fragments of the base. 

2. Each of the individual spicular elements forming the wall of 
the body is composed of six parts^ — viz., an external plat^ of an 
essentially rhombic form, four diagonally intersecting tangential 
arms which lie immediately below the outer plate, and a radial arm 
or pillar which springs from the centre of the outer plate on its inner 
side, and is directed perpendicularly inwards. 

3. An upper and lower pole may be distinguished on the exterior 
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surface, the arrangement of the plates at these points being peculiar. 
The basal pole (the starting-point of growth) is constituted by a 
circle of eight (or four) plates. The apical pole is closed by a 
variable, but always large, number of plates. 

4. Each of the five arms of the skeletal elements or spicules is 
traversed by an axial canal, the canals of the four tangential arms 
having a conspicuously fusiform shape. « 

5. The radial arms or pillars terminate on the inner or “gastral’’ 
side in a conical dilatation, which is laterally extended till adjoining 
pillars touch. This internal thickening of the radial pillars is not 
furnished with a special plate, corresponding with the external plate, 
and is not penetrated by transverse canals. 

6. The inner or “ gastral ” wall of the fossil is imperforate, the 
pores described by Billings being the result of fossilisation. 

7. The genus Jschadites agrees essentially with Receptaculites in 
structure, but its skeletal elements are more slender. An apical 
aperture is in some cases clearly wanting in Ischadites^ and probably 
did not exist at all. 

8. The genus Acanthochonia is identical with Ischadites, 

9. The geological range of Ischadites extends to the Upper 
Devonian. 

10. The genus Polygonosphceriies {Sphcerospongia) is similarly 
constructed to Receptaculites as regards the tangential arms of the 
spicules, but the radial arms or pillars are wanting. 

1 1 . The Receptaculitidce are not siliceous organisms, but the skele- 
ton was originally calcareous^ and the siliceous examples are the re- 
sult of silicification. The group, therefore, cannot be referred to 
the Hexactinellid Sponges, and its systematic position is still entirely 
uncertain. 


Mastopora and Cyclocrinus (p. 186). 

In the memoir just referred to, Herr Rauff expresses the opinion 
that the genera Mastopora {Nidulites) and Cyclocrinus have no rela- 
tionships with the Receptaculitidce^ but that they appear to be related 
to the Polyzoa, 


Calcispongue (p. 178). 

Some interesting discoveries as to the occurrence of Mesozoic 
Spongts have recently been made by Dr George J. Hinde, who has 
been good enough to furnish the following note of his investigations 
on this point : In the Middle Lias of Northamptonshire (zone of 
Ammonites spinatus) some very minute Calcisponges have been 
lately (^covered, with the same delicate structural characters as in 
the existing family of the Leucoms, Haeckel, and they have even 
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been placed in the recent genus Leucandra^ Haeckel. The largest of 
these fossil sponges is under 4 mm., or about one-sixth of an inch in 
height, and the spicules in their walls are as perfect as in recent 
specimens. A remarkable assemblage of small Calcisponges has 
also been discovered by Mr Walford in the Inferior Oolite (zone of 
Ammonites Farkinsoni) of Dorset. In their diminutive proportions 
they resemble living Calcisponges, but they all possess a structure of 
solid fibres, characteristic of Pharetrones, They mostly belong to 
the genera Eudea^ Peronella^ Blastinia^ and to a new genus not yet 
described. Calcisponges of larger dimensions, belonging to Peron- 
ella and Lymnorea^ are also abundant in the Inferior Oolite of 
Cheltenham. Certain zones of the Great Oolite in the neighbour- 
hood of Bath are very rich in Calcisponges, principally of the genus 
Peronella. Higher up in the Oolitic series there is a well-marked 
zone of Calcisponges in the Lower Coral Rag of Yorkshire. They 
have mostly been hitherto placed in Stellispongia ; species of Per- 
onella and Blastinia are also present.” 

Stromatoporoidea (p. 229). 

Since the earlier portion of the present work was written, the 
author has had the opportunity of studying the fasciculus of Dr 
Waagen’s Monograph on the “ Salt Range Fossils,” which deals 
with the Hydrozoa (‘ Palaeontologia Indica,^ Ser. XII., No. 7, 1877). 
The most important point brought out in this memoir is, that the 
“Productus Limestone” of the Salt Range of India, the age of 
which is Permo-Carboniferous, contains various Hydrozoa which 
are more or less closely related to Stromatopora proper. For these 
the new genera Disjectopora, Circopora^ Carterina^ and Irregulato- 
pora are proposed ; but it would be impossible to make the struc- 
ture of these intelligible without illustrations. It may, however, be 
considered as proved that the geological range of the Stromato- 
poroids, as a group, has by these researches been extended into the 
beginning of the Permian period ; the latest undoubted types of the 
group previously known being Upper Devonian. 

Dr Waagen, further, deals at some length with the general struc- 
ture and zoological affinities of the Stromatoporoids. He divides 
them into two families, and refers them to the Hydrocorallince, It 
is unnecessary, however, to discuss Dr Waagen^s views on these 
subjects here ; since the conclusions which he has reached would 
probably have been more or less modified had he been accfuainted 
with the previously published ‘‘ Monograph on the British Stromato- 
poroids” (Palseontographical Society, 1885) by the present writer, 
in the general introduction to which the same questions have been 
dealt with in considerable detail. 
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Classification of the Crinoidea (p. 445). 

Dr P. Herbert Carpenter has kindly supplied the author with 
the following note as to the classification of the Crinoids proposed 
by Neumayr in his recently published important work “ Die Stamme 
des Thierreichs ” : ** The new classification of the Crinoidea pro- 
posed by Neumayr is primarily based upc^i the condition of the 
mouth and ambulacra. These are either subtegminal (Hypasco- 
crina) or free and exposed upon the ventral surface {Epascocrina). 
The first-named group includes all the Palaeocrinoids, except Cya- 
thocrinus and its allies (Families 12-20), which have been already 
distinguished as Fistulata by Wachsmuth and Springer. It has 
also been shown by these authors that some of the Ichthyocrinidce^ 
at any rate, had an exposed mouth and open ambulacra (see p. 
431); so that this family can find no place in the Hypascocrince. 
Except, too, for having a subtegminal mouth, the Haplocrinidce and 
their allies {Larviforfnia) seem to be more closely allied to the Fistu- 
lata than to the other Palaeocrinoids {Camerata)P 

The general relations of Neumayr’s classification to that proposed 
by Wachsmuth and Springer may be seen in the following table : — 


Neumayr. 

Sphaeroidocrinacea 

Haplocrinacea 

( Crotalocrinida?^ 
Ichthyocrinid; 
Umtacrinida', 

Cyathocrinace; 

Pentacrinacea 


Wachsmuth and Springek 


Camerata 

Reticulata 


- Coadunata. 


Larviformia ) , 

, Y Inadunata. 
Fistulata J 



Impinnata ^ 

V Articulata. 
Pinnata j 


Cystoidea (p. 447). 

An important posthumous work by M. Joachim Barrande on the 
Cystideans of Bohemia has recently been published, and Dr P. 
Herbert Carpenter has been good enough to furnish the author 
with the following note as to its contents : — 

‘^This elaborate work contains descriptions of a large number 
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of new Cystideans from the Lower Palaeozoic rocks of Bohemia. 
Some valuable morphological observations are also recorded therein; 
but most of them refer to questions of too complex a nature for 
discussion here. One point, however, must be noticed. In the 
new genus Aristocystites and in some half-dozen others Barrande 
describes the calcareous plates of the test as covered by a smooth 
‘ external epidermis ’ v^ich completely closes the openings of the 
pore-canals that penetrate the substance of the plates. This epider- 
mis is very thin, not more than part of an inch in Proteocystites^ 
and is therefore but rarely preserved to any great extent. The 
pores are sometimes isolated (haplopores), or a pair may be linked 
by a horse-shoe-shaped groove, or open together in a small oval 
depression, the ‘ oscule,’ the whole structure being commonly known 
as a ‘ diplopore.’ It was the resemblance of these diplopores to 
the groups of twin ambulacral pores in the Ordovician Sea-Urchin 
Bothriocidaris^ which led Lovdn to point out that the old theory 
of the connection of the diplopores of the Cystideans with the 
ambulacral system might after all be correct. This view, however, 
will have to be abandoned altogether if the pores really are closed by 
the external epidermis in the manner described by Barrande. But 
there is some doubt as to whether the appearances described by 
him may not be capable of a different interpretation, more especially 
as he suggests in one place that the pores may have been connected 
with tube-feet like those of the Urchins, while in another he notices 
their similarity to the respiratory pores of the Asterids which give 
passage to the gills or papulae. But neither of these explanations 
could be possible if the pores really are closed as he describes. 

“Neuma)^, believing Miiller^s classification of the Cystidea ac- 
cording to the characters of their pores to be no longer a practica- 
ble one, has recently proposed the following scheme, which may be 
adopted until a fuller morphological knowledge of the group has 
provided us with the materials for a better one. 

“ I. Order Sph^ronitid^e. — Test composed of numerous irregu- 
larly disposed plates, which may be aporous or bear haplopores or 
diplopores, but never rhombs. Five ambulacra, sometimes termi- 
nating in feebly developed arms. Generally sessile, but sometimes 
free or stalked. 

^'’Family i. SphcRronitince, — Ambulacra superficial and branching. 
Sphmronites^ G/ypfospkarites, Eiicystis^ Proteocystites^ Protocnnus, 
Family 2. Aristocystinm, Ambulacra subtegminal and ^Jranch- 
ing. Aristocystites^ Pyrocystites^ Craterina, 

'‘^Family 3. Mesitince. Ambulacra superficial and simple. Mesites, 
AgelacrinuSy Edrioaster, Cytaster, Hemicystites, 

“ II. Order Echinospideritid^. — T est composed of numerous 
rhombiferous plates ; often with only three ambulacra, and slightly 
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developed arms. Sessile or stalked. Echinospharites^ Dendro- 
cystites^ CatyotysHfes^ Arachnocystites, 

III. Order PLEUROCYSxiDiE. — Test shortly stalked and asym- 
metrical, the plates of the two sides being differently arranged 
except in the oldest genera (TrochocysHtes). Arms few and small. 
Pleuroiystites^ Ateleocystites^ BalanocysHtes^ Mitrocystites, 

** The above scheme takes no account ofjjsuch types as Caryocri- 
nuSy ForocrinuSy Echinoencrinus^ LepadocrinuSy Caliocystites, and sev- 
eral other forms in which the plates of the test are few in number, 
with a more or less regular arrangement as in the Crinoids ; while in 
Cystoblasttts and Asteroblastus there is a calyx very similar to that 
of the Blastoidea. Most of these genera have hydrospires, either 
generally distributed on the calyx plates (Caryocrinus\ or limited 
to a few of them as in Echinoencrinus, while Asterobiastus has 
diplopores. 

“As at present constituted the class of the Cystidea is an extremely 
heterogeneous one, and much further investigation will be necessary 
before anything like a natural classification of the group becomes 
at all possible.^’ 

Bactrites (p. 846). 

According to the observations of Branco (‘ Zeitschr. d. Deutschen 
Geol. Gesellschaft,’ Bd. XXXVII., 1885), the initial chamber of 
the shell of Bactrites is an ovoid and dilated sac, similar to that of 
the shell of the Ammonoids and of Spirula, The genus Bactrites 
must therefore be removed to the Ammonoidea. According to the 
views of Branco, the genus should be ranked with the Goniatitidce^ 
the particular group of these to which it is referable occupying an 
intermediate position, as regards the form of the initial chamber, 
between the Ammonitidce and the Belemnitidce. 


IL VERTEBRATA, 

Pisces. 

Chimeroidei. — As is mentioned in the Addenda, Mr Smith 
Woodward has recently made the genus Myriacanthus (p. 951) the 
type of the family Myriacanthidce, which is defined as follows : 
Body elongated ; anterior dorsal fin placed above the pectoral, and 
futnis^ied with a long, straight spine. Teeth forming two or three 
pairs of thin dental plates in the upper jaw, the hinder pair alter- 
nated and not closely approximated in the middle line ; lower teeth 
consisting of a pair of large dental plates meeting at the symphysis, 
and a median incisor-like tooth in front. A few dermal plates on 
the head ; and a long prehensile spine upon the muzzle of the male. 
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IncertcB sedis, — Remains of a fish from the Oxford Clay of Peter- 
borough have been described as Leedsichthys^ which apparently 
indicates the largest Jurassic representative of the class, although its 
serial position cannot yet be determined. A bone which is regarded 
as the frontal has a length of 24 inches, while the squamous hyo- 
mandibular is at least 1 5 inches long. The most remarkable fea- 
tures of this fish are, hojyever, shown in the pectoral fin-rays, which 
sometimes attain a length of 5 feet, and frequently branch in a 
forked manner, but are not jointed. Each ray consists of fibrous 
bone, and appears to be composed of a number of long and taper- 
ing splints which are incompletely fused together, and the two 
halves of the ray remain separate. 

Reptilia. 

Anomodontia. — The author’s recent study of the Anomodont 
remains in the British Museum has enabled him to make some 
amendments on the characters of the families and genera given in 
the text. 

In Tapinocephalus (pp. 1057-58) the dentition, although it may 
have been of a carnivorous type, was not differentiated into incisives, 
tusks, and cheek-teeth ; and it is highly probable that there were no 
secondary nares. It does not appear by any means certain that the 
one tooth on which the genus Glaridodon (p. 1061) is founded, 
is really distinct from Titanosuchus (p. 1058). 

In the GalesauridcB (pp. 1058-59) the single narial aperture of the 
type specimen of j^lurosaums is due to imperfection ; and it is 
probable that the same is the case with Cynodraco^ Cynochampsa, 
and Cynosuckus.^ The latter has 7 or 8 cheek-teeth, with a poste- 
rior basal cusp, but the incisive and cheek-teeth appear to have no 
serrations on the posterior edge. Cynochampsa was probably allied, 

having ^ incisive teeth as in Cynosuchus, In Cy nodraco and the 
3 

type of ^lurosaurus there are -5 incisive teeth ; and the crowns of 

4 . . 

the incisive and cheek-teeth have serrated posterior edges ; and it has 
yet to be proved that j^lurosaurus is generically distinct from Cyno- 
draco. In Tigrisuchus there are three pairs of upper incisive teeth. 

Gorgonops (p. 1059) differs from the GalesauridcB in having the 
temporal fossae roofed over, and apparently in the absence of second- 

^ The practice of making such barbarous compounds as Leedstchthys^ Owmia- 
suchus (p. II91), and Wardichthys (p, 979), is much to be deprecated. If a change 
be permissible, the terms Leedsia and IVardia may be suggested in place of tne 
first and third of these uncouth names. j 11 

® By an error (sec Corrigenda) these three genera^ are stated to have aouoie 
nares, while in Tigrisuchus the nares are said to be single. 
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ary posterior nares. Roofed temporal fossae also occur in the Amer- 
ican genus Chihnyx (p. 1060); so that both of these forms ap- 
proximate in this respect to the Pariasauria, although distinguished 
from the typical representatives of that group by the absence of 
sculpture on the cranial bones. Gorgonops may be regarded as the 
type of the family GorgonopidcBy with an uncertain serial position. 

The genus Emholophorus (p. 1060) is the only one in which the 
articulation of the capitula of the ribs to the intercentra has yet 
been observed. 

It appears that there is no justification for Eichwald’s reference 
of the tooth represented in fig. 983 (p. 1062) to Deuterosaurus 
rather than to Brithopus ; the former genus having been founded 
upon part of the vertebral column of a smaller reptile than the one 
to which the humerus of Brithopus belonged. 

The vertebrae of the Diadectid<z (p. 1061) are distinguished by 
the presence of zygosphenal (hyposphenal) articulations ; while the 
skull has no secondary posterior nares. Empedias differs from 
Diadectes by the absence of a tusk ; while Helodectes is distinguished 
from both by the double row ^f cheek-teeth. 

Sauropterygia. — It is stated on page 1077 that the genus 
Cimoliosceurus has no trace of an interclavicle ; it has, however, been 
subsequently suggested that certain splint-like bones found with 
some skeletons of the Oxfordian representatives of this genus are 
really the last remnants of the interclavicle and clavicles ; the inter- 
clavicle probably fitting into the notch shown between the ventral 
plates of the scapulae in fig. 988 (p. 1069). 

Chelonia. — In a recent paper Dr Baur states that in the skull 
of Protcstega (p. 1089) the parietals were connected by vertical 
plates with the pterygoids, and he accordingly regards the Pro- 
tostegida as less specialised than the DermochelyicUB. If this refer- 
ence be correct there will be evidence of a nearer affinity between 
the Athecata and Testudinata than has hitherto been supposed. 

The same writer also doubts the Chelonian nature of the proble- 
matical Psephoderma (p. 1089), and suggests that it maybe founded 
upon the dermal armour of ^otkosaurus. This argument is sup- 
ported by the a^wence of Chelduian bones in the Lettenkohle (Lower 
Keuper), whert Psephoderma is not uncommon ; but the absence of 
a dem^ armour in the Lariosauridm, so far as it goes, is against 
this vie^. 

In^kti TestudinidcB the genus Palmchelys (p. 1108), as is well 
^hownl 5 y a specimen from the Pliocene of Italy recently described 
as Emys PorBsi^ has some of the neural bones tetragonal and others 
octa^)naI, and is thereby more nearly allied to Nicoria and the land 
tortoises than to Ocadia, The so-called Emys crassa^ of the Upper 
Eocene of Hampshire, is, therefore, referable to Ocadia, 
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Abyssal clay, 74. 

Acanthariaf 145, 146, 147. 
Acantherpestes, 584. 
Acantkoceras, 8^, 868. 
Acanthockonia^ 173, 1564. 
Acanthocladia^ 628. 
Acantkocladidcp., 627. 
Acanthometra, 146. 
Acanthoraphis^ 163. 
Acanthoielson, 561. 
Acanthoteuthis, 881. 

AcaridUf S 7 S> 

A casta f 499. 

Acento f remites t 464. 
Acervularia, 269, 273, 286, 287. 
Achatina, 812. 

Achistrum, 406, 407. 

Acicula, 786. 

Aciculidce, 786. 

Acidaspida, 540. 

Acidaspis, 539, 540. 

Acmcea, 7654; 

Acom-shells, 496, 497. 
Acras^da, ao6. 

Acrididce, 597. 

Acracidaris, 382. 

Acroculia, 764. 

Acrosatenia, 380. 

Acrothele, 6 $:^, 

Acrotreta, 651, 652, 

Acroura, 403. 

Actceon, 801. 

Actaonella, 801. 

Actceonidce^ 800. 

Actceonina, 801. 

Actinacis, 310. 

Actiniariat 261, 263. 

Actinidct, 261. 

Actinoceras, 839, 840. 
Actinoceratidte, 839, 
Actinocrinidee^ 425. 


Actinocrinus, 426. 
Actinocystis, 286. 
Aedino^nta, 717. 
Actinometra , 412, 443. 
Actinomma, 149. 
Actinostoma, 626. 
Actinostroma , 232, 233. 
Actinozoa, 240. 

Adacna, 728. 
Ad^larthrosomata, 577. 
AdelphoceraSt 844. 
Adesmacea^ 744. 
y£.chmina, 508. 

^ger, 563. 
ySginidcB, 206. 

^gites, SS 9 . 

A£gHna, 536, 537. 
Adglinidce, 537. 
^goceras^ 864. 
u^goceratidm, 864. 
Agaricocrinus , 426. 
Agassizocrinus, 436, 437. 
Agelacri^id^, 452. 
Agelacrinus, 452, 453. 
Agnostida, 545. 
A^ostus, 545. 

Amria, 789. 

Aiiyonacea, 326. 
Alcyonaria, 256, 324. 
Alcyonidce, 326, 327. 
Alcyonium, 326. 

AlectOt 616. 

Alectryoniay 695, 696. 
AllagecrinuSy 432. 
Alhonia, 443. 
Allomorpkina, 131. 
Allopora, 225, 226, 227. 
Alhrisma, 749, 75<x 
Alveolaria, 620. 
AlveoUna, 126. 
Alveolites, 315, 316. 
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Alveofora^ 31 1. 

AmaltAeida, 86a. 

Amaltheus, 863. 

Amauropsis, fyg, 

Amberl^a, 776. 

Ambonychta^ 708. 

Ametiiolic Insects, 592. 

Ammonites, 855, 856, 864. 

Ammonoidea, 833, 848. 

Amoebea, iia 
Amphidetus, 39a 
Amphipnia, 672. 

Amphthelia, 267. 

Amphion, 536, 537. 

Amphiffoda, ^56, 557. 

Amphtpora, 236. 

Afftphtspongia, 176, 177. 

Amphistegina, 134. 

Amphoracrinvs, 426. 

Amplexopora, 356. 

Amplexus, 295. 

Ampul laria, 780. 

Atnpullina, 779. 

Ampyx, 544, 54$. 

Anabacia, 304, 305. 

Anabacida, 304. 

Ananchytes, 389, 

Ananckytidce, 389. 

Anaptyvhfis, 851. 

AnartkM9da, 468, 469. 

Anastro^ia, 672. 

Anatifa, 500. 

Anattfopsis, 501. 

^^natina, 749. 

Anatinacea, 748. 

AnatinidcSy 748. 

Anaulocidaris, 375, 377. 

Ancillaria, 798. 

Ancyloceras, 869, 870. 

Ancylus, 814. 

Angelina, 531, 532. 

Anguillula, 469. 

Animal Kingdom, classification of, 85, 
87 ‘ 

Anisocardta, 736. 

Anisophyllum, 296. 

Annelida, 470. 

Annuhsa, 468. 

Anodon, 721. 

Anodonta, 721. 

Anodontqpsis, 724. 

AnomalocrinidtB, 434. 

Anontatmrjgius, 434. 

AnomaiM^h^teSt 45a. 

Anomia, 6^. 

Anomiida, 697, 

Aiwmccladina, 165. 

S6a. 565. 

Anop^a, 59»- 
An^Usws, 529. 

AnfedoH, 409, 4x0, 411, 443* 

AfAhocrinus, 431. 

Anthrftdtic Shales, 35. 

AHtht^emarH, 575. 

Anikracmuirtus, 576 . 


Anthracomya, 751. 

Anthracoptera, 71 1. 

AnthracQscorpii, 579 
Anihracosia, 722, 

Antbrapalesmon, 563. 

Antipatharia, 261, 263* 

AntipathidcB, 244, 261, 263. 

Ant-lions, 598. 

Ants, 600. 

ApAanaiair^oS, 

Aphaniptera, 599. 

Aphis, 596. 

Apkragmites, 843. 

Apkrocallistes, 176. 

Aptocrinidae, 440. 

Apiocrinus, 440. 

Apiocystites, 456. 

Aplysia, 802. 

Aplysiadce, 802. 

Aporosa, 264, 265. 

Aporrhaida, 789. 

Aporrkais, 789. 

Apterous Insects, 592. 

Aptychopsis, 515. 

Aptychus, 851, 852. 

Apus, 510. 

Apygia, 655. 

Aqueous rocks, 11. 

Arabellites, 480. 

Arachnida, 572. 

Arachnophyllum, 286, 287. 

Ar<BOpoma, 299, 301. 

Arcsopora, 309, 31 1. 

Aragonite, in calcareous organisms, 25, 

Araneida, 580. 

Area, 712. 

ArcaceOf 712. 

Arcestes, 856. 

Arcestidee, 855, 856. 

ArcAadtscus, 135, 

Arch(BOcidaris , 376, 377. 
Archceocyathince, 183, 185, 186, 
Archceocyathus, 183, 184. 

Archaolepas, 502. 

ArchceoniscHs, 559. 

Archceoscyphia, 

ArchiBosphcsrina, 143. 

Archceozonites, 812. 

Archanodonta, 721, 

Archidesmus, 584. 

Archimedes, 626, 627. 

Archimedopora, 6a6. 

Archimylacris, 593. 

Archipolypoda, 582, 583. 

Architarbus, 576. 

ArchiuHdee, 584. 

Archiulus, 584, 585. 

Arcidee, 712. 

Arcomya, 748. 

Arcomyida, 748. 

A returns, 558. 

Areia, 537. 

Arenicomts, 481, 48a. 

AretAusina, 54^. 

Argiope, 676, 
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Argiopides, 675. 

Argonauta, 88 1. 

Arietttes, 848, 864. 

Arionellus, 531. 

AristozoS, 514, 515. 

Armadillo, 559. 

Arlemia, 510. 

Artemis, 737. 

Artkrolycosa, 576. 

Arthroplcura, 559. « 

Arthropoda, 468, 491. 

Arthropomata , 655. 

Articulata [Brachiopoda), 655 ; (Crin- 
oidea), 423, 424, 438, 446. 

AsaphidcE, 533. 

Asaphus, 520, 521, 522, 533, 534, 535* 
Ascetta, 179. 

Ascoceras, 841, 842, 843. 

Ascoceratidce, 841. 

Ascodictyon, 613. 

Ascones, 179. 

Asiphonate Lamellibranchs, 691, 692, 

Asperpllum, 752. 

Aspiaocaris, 516. 

Aspidoceras, 868. 

Aspidosoma, 397. 

Aspidura, 403, 404. 

Assiminea, 781. 

Astacus, 565. 

Astarte, 724, 725. 

Astartella, 725. 

Astartida, 724. 

Asteractinella, 177, 178. 

Asterias, 391, 397. 39®. 399* 

Asteroidea, 391. 

Asthenosoma, 380. 

Astrceidm, 269-274. 

Astrceopora, 310. 

Astraospongta, 177. 

Astralium, 775. 

Astrangia, 270. 

Astrocrinida, 464. 

Astrocrinus, 464. 

Astrogonium, 397, 398. 

A strides, 241, 242. 

Astromma, 149. 

Astropecten, 392, 397, 398. 

Astrophyton, 402. 

Astrorhiza, 126. 

Astrorhizidce , 126. 

AstylocrinidcB, 436. 

Astylocrinus, 436, 437. 

Asiylospongia, 165, 166, 167. 
Ateleerinus, 443. 

Ateleocystites, 452. 

Athyris, 666. 

Atlanta, 803. 

Atlantida, 80a, 803. 

Atractites, 878. 

Atractosella, 162. 

Atrypa, 668, 669. 

Atrypidee, 668. 

Aturia, 846. 

Aucella, 706. 

Aulacoceras, 877. 


Aulocopium, 165. 
Aulophyllum, 292. 
Aulopora, 255, 342. 
Auloporidce, 342, 343, 
Aulosteges, 657. 

Auricula, 813. 
Auriculidee, 813. 

Avicula, 703. 

Aviculidm, 702. 
Aviculopecten, 701, 702. 
Aviculopinna, yog, jio. 
Axinelta, 162, 163. 
Axinus, 720, 747. 
Axophyllum, 293. 
Axopora, 225. 

Bactrites, 846, 1568. 
Bactritidce, 846. 
Bactropus, 514. 
Bactrynium, 678. 
Baculites, 859, 861, 862. 
Baerocrinus, 434. 
Bairdia, 509. 

Bakewellia, 705. 
Balanidtr, 497, 499. 
Balanophyllia, 308. 
Balanus, 498, 499. 
Barbados earth, 33, 148. 
Barnacles, 500. 
Barrandeocrinidce, 427. 
Barrandeocrinus , 427. 
Barycrinus, 435. 
Baryhelia, 267. 
Baryphyllum, 296. 
Baseopsis, 597. 
Basommatophora, 813. 
Bathmoceras, 847. 
Bathycrinus, 441. 
Bathyurellus, 532. 
Bathynrus, 532. 
Batocrinus, 426. 

B after shyia, 269, 271. 
Beatricea, 233, 234. 
Beekite, 7. 

Belemnitella, 877. 
Belemnites, 875, 876, 877. 
Belemnitidce, 874, 875. 
Belemnocrinidce, 434. 
Belemnocrinus, 434, 
Belemnosis, 878. 
Belemnoteuthidce, 878. 
Belemnoteuthis, 879. 
Beltnurus, 548, 550. 
Bellerophina, 769. 
Bellerophon, 768, 769. 
Beller^hontidai, 768. 
Beloptera, 878. 

Behsepia, 880. 
Beloteuthis, 880. 
Berenicea, 618. 

Beyrichia, 506, 507. 
Btdiastopora, 617, 618. 
Bijlustra, 635. 

Btfrontia, 772. 
Btgenerina, 130. 
Buoculina, 124. 



1574 


INDEX. 


Bimeriat 196, 197. 

Bithynia^ 760. ' 

BittiuMy 780. 

Bivalve Molfuscs« 683. 
Biastoideuy 457. 

Bohemillay 530. 

BokemiUid<Sy 532. 
Bolboforites, 364, 393. 
Boliaiunty 167. 

Bopyridee, 558. 
Bothriocidarida, 374. 
Bothriocidaris, 373, 374, 375. 
Botkrocottis, 173. 

Bouchardia, 675. 
Bourgueticrint^t 441. 
Bour^ettcrinus, 441. 
BraSiiopoda, 640. 
Brachymetopus, 543. 
Brachypyge, 566. 
Brachytrenm, 793. 
Brachyura^ 562, 566. 
Branchiogastropoda, 760. 
Branchipodites, 512. 
Branckipits, 512. 
Branchipusites^ 512. 

Breyeria, 594. 

Briareum, 327. 

Brtarocrtnus, 427. 

Brisingdy 397- 
Brissopsis,*^'^ 

Brissus, 390, 

Brontetdc^i 
Brcnteus, 546.' 

Bryozoa, ^4. 

Bucania, 769. 

BucctKtdaf 793. 

Buccinum, 793. 

Buchiceras, 863. 

Bulimina, 130. 

Bulimulus, 8x2. 

Bulimus, 812. 

Bulla, 801. 

Bullida, 801. 

Bumdsl^^f 5 ao» S 3 ®* 

Bundies, 549. 

Buprtstid<B, 600. 

Bumws of AtUiMes, 481. 
ButhograptuSy 205. 

Buthus, ^4* 

Byssocardium, 728. 

Caddis-flies, 598, 

Cadulus, 820. 

CcBcidcZf 783. 

Cacufft, 783, 

Calamo^a, 313. 

Calapaciay 306, 3x7. 
CalaihUm, x66. 

Calcare^ rocks, 15. 
Calcaxecms Sponges, 178. 
Calcdtinay tt 6 , 117, 133, 134* 
Calceocriftida, 437. 
CakeocrBmh 437 * 

Calctola, 30X. 

CalceoUdm, 299. 

Calcisphatra, X47. 


CalcispongiiBy 178, 1564. 

Calcite, in calcareous organisms, 25, 26. 
Callianassa, 565. 

Callicrinus, 430, 

Callizoi, 514. 

Callocystites, 449, 457. ^ 

Callodictyon, 176. 

Callodi€tyonid(B, 176. 

Callograptus, 205. 

Callonemaisj^T,. • ♦ 

Callopora, 347, 348, 351, 337, 359. 
Calostylis, 306, 307, 308. ' * 

Calycozoa, 206. 

Calymene, 519, 533. 

CalymenidcB, 53a. 

Caiyptocrinidk, 429. 

Calyptraa, 764. 

CaiyptrcBtdeB, 764. 

Camarella, ^1. 

Camarophoria, 671. 

Canterospongta, 175, 176. 
Campanularida, 203. 

Campophyllum, 288, 289, 

Campy locephalus, 555. 

CancellaAa, 798. 

CancellariidcB, 798. 

Cancer, 567. 

Candona, 507, 509, 

Cannapora, 320, 321. 

Caprtna, 732. 

Caprinella, 732. 

Caprinula, 732. 

Caprotina, 731. 

Capulidcs, 764. 

^Capulus, 764. 

CarabidcB, &do, 

Carabocrinus, 435. 

Carbon and carbonaceous deposits, 34. 
Carbonarca, 712. 

Carbonicola, 72a. 

Cardiacea, 726. 

Cardiaster, 389. 

Cardiidce, 727. 

Cardinia, 721, 72a. 

CardiniidcB, 721. 

CardiocaHs, 852. 

Cardiola, 714. 

Cardiomorpha, 750. 

Cardita, 723. 

Carditidce, 723. 

Cardium, 727, 728. 

Carididae, 563. 

Carinarta, 8oa, 803. 

Carinopora, 625. 

Carmon, 543. 

Carpocrinus, 427. 

CarUrella, 165. 

Caryocaris, 514. 

Caryacrinus, 455, 456. 

Caryocystites, 454. 

Caryopkyllia, 246, 347, 248, 265, 266. 
Cassiamlla, 704, 70^ 

Cassidaria, 792. 

Cassididm, 793, 

Cassidulida, 386, 387. 

Cassidulim, X30. 
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CasdduluSt 388. 

Cassis, 75)3. 

Catillocriniilm, 437. 
Catillocrimts, 437. 

Caiopygus, gMl 
Cmsnqp^, 33(1 
CW^AI|>6. 
mtiwmtmt, 805 . 

Ctlkarkt, 6$^ 

Cellmdidm, 

CtlUpora, ijQ. 

Cellularia, 634. 

Cellulariidce, 634. 

Centronella, 674, 675. 
Cephalites, 175. 

Cephalopoda, SHi. 
Ceramdycides, 601. 

Ceramopora, 632. 
Certtmoporida:, 632. 
CeratiocaridcB, 512, 513, 514, 
Ceratiocaris, 513, 514. 
Ceratites, 857. 

Ceratiiida, 856. 

CeratospongtcB, 161. 

Ceriteliay 789. 

CerUhiida, 788. 

Cerithium, 788. 

Chatetes, 341. 

ChtstehdcB, 327, 341. 
Chatognatha, 469. 

Chalk, 1x9. 

Chama, 730. 

Chamacea, 729. 

Chamida, 730. 

Chasmops, 542. 

Cheilostomatous Polyzoa, 633. 
Cheirocrinidee, 437, 
Cheirocrinus, 437. 

Cheirurida, 537. 

Cheirurus, 536, 537. 

Chelifer, 577. 

Chelodes, 8x8. 

Chemnitzia, 784. 
Chenendopora, X67. 

Ckernes, 577, 

Chert, 158, 159. 

Chilognatha, 585. 

Chilopoda, 583. 

Ckilostomella, 13 1. 
ChUastomellidee, 122, 130. 
Chirodota, 406, 407. 

Chiton, 8x6, 817, 818. 
Chitonellus, 818. 

ChitonidcB, 816. 

Chondrophora, 874, 880. 
Ckonella, i&j, 

Chonetes, 657, 658. 
Chonostegites, 320, 331. 
Choristoceras, 857. 
Chrysidalina, 130. 
Chrysodomus, 794, 795. 
Chrysomelidcz, 00a 
Chthamalus, 499. 

CidgridsB, 378. 

Cidaris, 378, 379. 

VOL. 11. 


Cimitaria, 751. 

Cinulia, 801. 

Cirripedia, 495. 

Cirrus, 77a, 773. 

Cisiella, 676. 

Cladiscites, 857. 

Cladiscitida, 857. 

Cladocera, 509. 

Cladochonus, 34a, 343. 

Cladocora, 270. 

Cladopkyllia, 272. 

Classmcation of the Animed Kingdom, 85, 
87 - 

Classification of Fossiliferous formations, 
41 * 

Clathrodtctyon, 233. 

Clathropora, 630. 

Clausastrcea, 304, 

Clausilia, 8x2, 813. 

Clavagella, 752. 

Clavagellida, 751. 

Cleidophorus, 7x6. 

Cleiocrinus, 431. 

Cleistopora, 306, 310, 311. 

Cleodora, 805. 

Climacograptus, 218, 220. 
CHmacospongia, 162, 

Climactichnites, 525. 

Clinopistha, 748. 

80s, 806, 807. 

Cliona, 162. 

Clisiophylhd<B, 291. 

Clisiophyllum, 29a. 

Clistenterata, 655, 

Clymenia, 852, 853. 

ClptuniidcB, 853. 

Clypeaster, 385. 

ClypsmiridcB, 384, 385. 

ClypeuSt 388. 

Cnemidiastrum, 167. 

Coccinillidee, 601. 

Coccocrinus, 428. 

Coccoliths, ixo, X495. 

Coccophyllum, 273. 

CochUaria, 78a. 

Cochloceras, 857, 

Cockroaches, 597. 

Codaster, 46a, 463, 464. 

Codasterida, 464. 

Codiopsis, 382, • 

Codonaster, 46a. 

Codonites, 

Ceelenterata, 190. 

Coflocentrus, 77a. 

Caeloceras, 866, 867. 

Coeloptychiida, 175. 

Cmloptychium, 168, 169, 175. 

Cmlospira, 664, 669. 

CoenUes, 316. 

CosnoHta, 565. 

Cmnograptus, 216. 

Coenospheera, 147. 

Coltoprion, 807. 

Cohoptera, 60a 
ColUmhola, 592. 

CoHyrites, 388. 
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CQllyriHdeB, 388. 

Colonies, 6a 
Columbellat 
Co/um^eUaria, 794. 

Columbellidm^ 793. 

ColumbelUna, 794. 

Columnaria^ 274. 

Columnopora^ 306, 317. 

ComarocysHteSt 449, 455. 

Comaiuia, 409, 410, 4iXt 41a, 4x4, 443. 
Comatulida, 44a. 

Comb^hj^lhumt 296. 

Comoseris, 304. 

Conchacea, 735. 

ConckicoUtes, 473, 477, 478. 

Conchifera {see LamelHdranchiata). 
Congtria^ 711. 

Conida, 798. 

Conocardiutn, 728, 729. 

Conocepkalida, 531. 

Conocephalites, 531. 

Conoctypeidas, 384, 

Conoclypus, 384. 

Conoco^pfUt 531. 

Conodonts, 480. 

Conorbis, 799. 

Conosmilia, 284. 

Contemporaneity of strata, 46, 

Continuity, Geological, 55. 

Conularig^y 808. 

ConuUfyii^, 808. 

Conulus^ Jlia. 

Conus, 798, 799. 

Convexastraia, 272. 

Copepod^, 503, 509. 

CoproUtes, 15. 

Corallines, 25, 1495. 

Corallistes, 165. 

CoralHum, 244, 326, 327, 328. 
Coral-reefs, modmi and ancient, aso-jitoo. 
Coral-rock, 257. 

Corals, gemmation and fission of, 253-255. 
Corals, simple and compound, 245-255. 
C^rHcula, 738. 

CorMs, 747. 

Corbuia, 742, 743. ^ 

Comularia, 326. 

ComularidiB, 326, 327. 

ComuHtes, 475, 476. 

Comuspira, 124. 

Coronula, 

Corymbocrinus, 430. 

Corynella, i8a 
Corynida, 195, 197. 

Corynoides, 215* 

Coscinium, 610, 631* 6^2* 

CosctTtopora, 176. 

Coscinbporida, 176. 

Coscindtrypa, 6 jo, 63*, 632. 

Cosmoceras, 867. 

CoUaldia, 38a. 

* CotyUcrinus, 439- 
Cotylederma, ^39. 

Crangopsis, 503. 

Crania, 653, 654. 

Craniadaf 653. 


Craspedostoma, 776. 

Crassatella, 725. 

Crassateilida, 725. 

Crassatellina, 726. 

Craticularia, 174, 

Crtnella, 711. 

Crenipecten, 701. 

Crepidophyllum, 248, 290. 
Crepidula, 764. 

Creseis, 804^805. 

Cribrella, yyj* 

Cribrilina, 636. 

CribrilintdiS, 636. 

Crickets, 597. 

Crinoidal limestone, aa, 23. 
Crinoidea, 408, 1566. 

Crioceras, 868, 8^, 870. 

Crisia, 616. 

Crisiides, 616. 

Cristellaria, 131. 

Cromus, 538, 539. 

Crossopodia, 486, 487, 1482. 
Crotalocrinidce, 430. 
Croialocrinus, 430, 431. 

Crustacea, 491. 

Cryphceus, 541, 542. 

Cryptoblastus, 464. 

Cryptocrinus, 452, 455. 
Cryptohelia, 225. 

Cryptoplax, 818. 

CryptoscAisma, 464. 

Cryptosonia, 397. 

Crystalline limestones, 31. 
Ctenodiscus, 392. 

Ctenodonta, 716. 

Ctenophora, 256, 260. 
Ctenostomata {Polyzoa), 612, 613. 
Cuculltca, 712, 713. 

Cucullella, 715, 717. 

Cultellus, 740. 

Cumacea, 559, 560. 
CupressocrinidcB, 432. 
Cupressocrinus, 433. 

Cupularia, 638. 

Curculionidee, 600, 

Curculionites, 600. 

Curtonotus, 720. 

Cuvieria, 806, 810. 

Cyathaxonia, 266. 

Cyathidium, 439. 

Cyathocrinidce, 435. 
Cyathocrinus, 435, 436. 
CyathophyllidcB, 285. 
Cyathophylloidea, 284. 
Cyathophyllum, 286. 

Cybele, 538, 539. 

Cyclatnmtna, 129. 

Cyclas, 738, 

Cycloclypetis, 137. 

Cyclocrtnus, 106, 187, 188, 1564. 
Cyclolites, 305. 

(Sclolobus, 855, 856, 

Cyclonema, yyt, 

Cychpkthalmust 578, 579 * 
Cyclophyllum, 292. 

Cycfoserisi 304. 
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Cyclostoma, 786. 

Cyclostomidce, 786. 

Cyclus, 550. 

Cylickna, 801, 802. 

Cylindrites, 801. 

Cylindropkyma, 167. 

(Smbulia, 804, 806. 

Cymbuliid(B, 8^. 

Cypellia, 174. 

Cyphaspis, 542. 

Cyphosoma, 382. 

Cypraa, 790, 791. 

Cyprcsidce, 790. 

Cyprella, 508. 

Cypricardella, 725. 

Cypricardia, 736. 

Cyprtcardinia, 736. 

CypridcB, 508. 

Cypridella, 508. 

Cypridellina, 508. 

Cypridina, 507, 508. 

CypridinidcB, 507. 

Cyprina, 736. 

CyprinidcB, 736. 

Cypris, 507, 508. 

Cynna, 738. 

CyrenidcB, 738. 

Cyrtia, 665, 666. 

Cyrtina, 665, 666. 

Cyrtoceratidm, 843. 

Cyrtoceras, 843. 

Cyrtocerina, 839. 

Cyrtodaria, 743. 

Cyrtodonta, 714, 715. 

Cyrtograptus, 215. 

Cyrtolites, jSg. 

Cystiphyllidm, 298. 

Cysttphylloidea, 298. 

Cystiphyllum, 299. 

Cystocidaridcs, 373, 374. 

Cystocidaris, 373, 374. 

Cystodictya, 631. 

CysfodictyoniacB, 631. 

Cystoidea, 447, 1566. 

Cythere, 507, 509. 

Cytkerea, 737. 

Cythereis, 509. 

Cytherella, 508. 

Cytherellidcc, 508. 

Cytherellina, 508. 

Cytheridcc, 509. 

Cytheridea, 509. 

Dakota Beds of North America, 45. 
Dalmania, 542. 

Dalmanites, ^i, 542. 

Daonella, 706, 707. 

Dasmia, 266. 

Davidsonella, 678. 

Davidsonia, 663. 

Dawsonella, 778. 

Dawsonia, 214. 

Dayia, 669. 

Decapoda {Crustacea), 562 ; {Cephalopoda), 
874. 

Deep-sea Muds, 74. 


Defrancia, 619. 

Deiphon, 537, 538. 

Dekayia, 349, 356. 

Delpkinula, 775. 

Dendrocrinus, 435. 

Dendrograptus, 203, 204. 
Dendrophyllia, 30^, 308. 
Dendropupa, 813. 

Dentahiacc, 819. 

Dentalina, 131. 

Dentalium, 819. 

Derivative rocks, 13. 

Deskayesia, 779. 

Desmoceras, 865. 

Diadema, 381. 

Diadematidce, 381. 

Dianulites, 356. 

Diastoma, 781. 

Diastopora, 617, 618. 

Diastoporella, 618. 

Diastoporidee, 617. 

Diatom-earth, 33, 1490. 

Diblasus, 267. 

Dibranchiate Cephalopods, 871. 
Dibunophyllum, 291, 292. 
Dicellograptus, 217. 

Dicer as, 731. 

Dichocrinus, 428. 

Dichograptidee, 216. 

Dichograptus, 217, 218. , ^ 

Dicranograptidee, 217. ^ 

Dicranograptus, 217, 219. ' 

Dictyocha, 147, 148. 

Dictyomitra, 148, 149. 

Dictyonema, 204, 205. 

Dictyoneura, 594. 

Diciyonina, 168. 

Dictyophyton, 173. 

Didymocyrtis , 149. 

P^dymograptus, 216. 
Dikellocephalus, 521, 530, 531. 
Dimerelta, 670. 

Dimorpho^aptus, 21 1, 219. 
Dimyary Bivalves, 688. 
Dindymcne, 539. 

Dinaymenidm, 539^ 

Dinobolus, 655. 

Dionide, $44. 

DiphypAyllum, 287. 

Diplociaaris, 379. 

Dtplodonta, 740, 747, 
DtplograpHdce, 218. 

Diplograptus, 218, 220. 

Diploria, 272. 

Diplostylus, 562. 

Diplotrypa, 355. 

Diprionidian Graptolites, 214, 218. 
Diptera, 599. 

Discina, 652, 653. 

DiscinidcB, 652. 

Discinisca, 653. 

Discites, 846. 

Discinocaris, 513, 515. 

Discoceras, 844. 

Discodermia, 165, 168. 

Discohelix, 772. 
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IHscQid€a, 386. 

IHsccpho^, sk ) 6 . 
DiscSparelia, 619. 
Discor^nat I$|3. 

IHscosoruSy 840. 
DisHchopora^ 397. 
Dithyrocaris^ 515. 
Ditrtmaria^ 766. 

Ditrupa, 475. 

Dalahra ^ •jvx 
jDoIiida, 79a. 

Dolium, 79a. 

Dolomite, 37, 38. 
JDomop^a^ 607, 619. 
JDonacida, 739. 

Donax, 739. 

DorycrinuSt 496. 
Doryderma^ 165, 167. 
Dosinia, 737. 

Dragon-flies, 597. 
Dreissena, 711. 
Dreissenomya, 70a, 71 1. 
Dromia^ 

Dromiopsis, 567. 
Duncantlla, 364, 367. 
Dyscuter, 388. 

Dysasterid<s, 388. 
Dysplanvs, 536, 

DytiscicUBj 

Earwigs. 597- 
Eaionta, 670. 

Ehtma, 793. 
Ecculiompkalus, 771, 77a. 
Bchinanthus, 388, 451. 
Echifiarachnius^ 385, 
Echinidm^ 381, 383, 383. 
Echinobrissidce, 387. 
Eehin&brissus, 388. 
Echinocaris, 514. 
Echinoconida, 385, 386. 
EchinoconuSt 386. 
Eckinoc^rida, 389. 
Eckinocyamus, 385. 
EchifW^stites, 373, 374. 
Echinodsrmata, 361, 
EckinoencrinuSy 456. 
Echiftoidea, 366. 
EchinolampadtBy 387. 
Mchinolampasy 3^. 

Bchinofuusy 387. 
Eckinonida , 387. 
Echinospatagmy 390. 
Echinosj^tBriteSy 454, 455. 
Echinothuriay 380, 
EchiMBthurukSy 380^ 
EeHtimmiWy 365. 

EMnuSy 383. 

Edmondmiy 750. 
Edrioastery 459, 4S3. 
EdriotrinuSy 436, 437. 
EicJtwaldiay 659. 
ElmacrinuSy 469, 46^ 
Ekumostovmy x8o, i8x. 
EMfrida, 601. 
Ekuihefwrintu, 46^ 464. 


ElHpseicHniay igg , 
Elltpsocephalusy 539, 531. 
Emarginulay 763. 

Emmonsiay 314. 315. 
EnaUtjfpinuSy 431. 

Enallo^liay 367. 

EnchytrtBUSy 469. 
EncrinasterioBy 395, 396, 397. 
EncrinideBy 438. 

Encrinuridee^ 538. 

Encrinurus , k^By 539. 
Encrinus , 438, 439, 445. 
EndoceraSy 8^38. 

Endoceratid<By 837. 
EndopachySy 308. 
Endophyllunty 386. 

Endothyray 138. 

EndymioniUy 545. 

Enoploclytiay 565. 

EnsiSy 740. 

EntaliSy 819. 

Entalophora , 618. 
EntalophoridcBy 618. 

EntoHunty 701. 

EntomiSy 5C^, 508. 
EntomoconckuSy 507, 508. 
Entomostracay 503. 

EntozoUy 469. 

EocidariSy 378, 379. 

Eocystitesy 450, 451, 453. 
Eoluidia, 397. 

Eophrynusy 576. 

Eophytoriy 309. 

Eopteriay 703. 

EoscorpiuSy 578. 

EosphtBroma , 559. 

Eospongia , 167. 

Eozoifn , 137-143. 

EpactocrinuSy 434. 
EphetneridiBy 597. 

Epiaster, 390. 

EpitrackySy 469. 

EratOy 791. 

Eridophyllumy 287. 

Erinnysy 543. 

Errant Anndides, 478. 

Erycinay 736. 

Erycinaceay 796. 

ErycinidcBy 796. 

Eryofty 564, 565. 

EryonidiBy 504. 

Escharay 637. 

EscharidaSy 636. 

Estheriay 510, 5x1. 
Estheriellay 5x1. 

Eiheridgiay 175. 
Ethmo^yllunty 183, X84, 185. 
EtobUUttnay 593. 

EtyuSy $6p, 

EuasterMeay 395, 397. 

EubrochuSy t ^ 6 . 
EucalyptocrinuSy 499, 430. 
Eztch^salisy 787. 

Bucladiay 40^ 

Eutmysiesy 567. 

EueyrHdiumy 148, X49. 



INDEX, 


1579 


Eudea, x8a 
Eudesella, 678. 

Eudesicrinust 439. 

Eudiocrinus^ 443. 

EuecAinoidea, 377, 378. 

Eugasier, 405. 

Eugeniacrtmdes, 439. 

Eugeniacrinus, 439. 

Eugereon, 594, 595. 

Eukelia, 367. 

Eulima, 784. 

Eumicrotis, 703. 

Eunema, 7 ^. 

Eunicites, 479, 480. 

EuomphalideB, 770. 

Euomphalopterus, 766. 

Euomphalus, 770, 771. 

Eupatagus, 3^. 

Euphoberia, 584. 

Euphyllia, 262, 272. 

Eupiectella, 168, 176. 

Euprobps, 550. 

EupsammidcB, 306, 307. 

Eurete, 174, 176. 

Euretidce, 174. 

Euryale, 402. 

Euryalida, 402. 

Eurydesma, 727. 

Eurypterida, 546, 551, 554. 
Euryptertis, 551, 552, 555. 
Eusfi>ngia, 161. 

Eustoma, 788. 

Exapinurus, 549. 

ExeHssa, 782. 

Exogyra, 696. 

Extracrinus, 417, 442. 

Farrea, 174, 176. 

Fascicularia, 271, 621. 

Fasciculipora, 621. 

Fasciolaria, 795. 

Favia, 272. 

Favistella, 264, 274. 

Favosites, 313, 314. 

FavositicUe, 306, 31 1, 312. 
Favositij^ra, 31 1. 

FenesteUa, 624, 625. 

Fenestellidce, 608, 622, 623, 624, 625. 
Fenestralia, 626, 

Fibula^ 788. 

Ficula, 792. 

FiculidcBt 792. 

Filograna, 472. 

Firolida, 802, 803. 

Fission of Corals, 254, 255. 
FissurtUa, 763. 

Fissurellida, 763. 

Fistularia, 744. 

Fistulipora, 357, 358, 359. 
Fistuhporidm, 354, 357* 

Flabelluntt 246, a66. 

Flints, origin of, 158, 159. 
Foraminifera^ no. 

Fprbesiocrinus, 432. 

Formicida, 600. 

Fossil, definition of, 4. 


Fossiliferous rocks, ii. 

Fossilisation, 5. 

Frondicularia, 131. 

Frondipora, 621. 

Frondtporidce, 620. 

Fulprina, 595. 

Fulgur, 70 , 

Fungella, 6ai. 

Fungida [Madreporaria), 303. 

Fun^dcB, 304. 

Fustdoi, 795. 

Fusispira, 787. 

FusnUna, 136. 

FusuSt 795. 

Gadiniidcs, 815. 

Gadus, 820. 

Galatkea, 565, $66. 

Galeomma, 726. 

Galeommidce, 726. 

Galerites, 386. 

Galeropygus, 384. 

Gammarus, 557. 

GampsonyXy 557, 561. 

Ganymeda, 443. 

Gasterocoma, 433, 434. 

Gasterocomidce y 433. 

Gasteropoda, 753. 

Gastroc/usna, 744. 

GastrochanidcB, 744. 

Gastropoda, 753. 

Gecarcinus, 567. 

Gemmation of Corals, 253, 254. 
Genahacia, 304. 

General succession of organic types, 102. 
Geocoma, 403. 

Geodia, 163. 

Geodites, 163. 

Geophilus, 583. 

Geoteuthis, 880. 

Gepkyrea, 469. 

Geralinura, 580. 

Gervillia, 705. 

Gigantostraca, 503, 546. 

Gtlbertsocrinus, 429. 

Girvanella, 127, 128, 1563. 

Gitocrangon, 566. 

Glandina, 811. 

Glauconitic grains of green sands, 34, 
118. 

Glauconome, 628. 

Glenotremites, 443. 

Globigerina, 113, 132, 

GlobtgerinidcB, 122, 131, 132. 

Glossoceras, 843. 

Glvcerites, 480. 

Glycimerida, 743. 

Glycimeris, 743. 

Giypfusa, 564. 

Giypheeidts, 563, 564. 

Glyphostomata, 378, 380. 

Glyptarca, 693, 712, 

Glypticus, 382. 

Oiypiocrintdce, 429. 

Glyptocrinus, 428, 429, 

GlyptocystiUs, 456. 
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Giypiodesma^ 708. 

GlypkMpkmritts, 44®. 449. 45®. 45*. 453- 
Gnathopod Cniitaceans, 503. 
Gimphoctrus^ 840, 841. 

Gon^koceraHdat 
GomfhocysHUs^ 45s. 

OamasteTt 397, 3^. 

GoniatiUs^ 853, 854. 

GimiaHHdm^ 853. 

Goniodiscus^ 397, 398. 

G&niomyat 
GofU^h<fm, 737. 

Goniophorus, 380. 

Gomi^hyllum, 300* 301. 

GimiopygTis, 382. 

Gordtacea^ 4^. 

Gorgottacea, 326, 

GorgoneUa, 331. 

Gorgtmia^ 330. 

Gorgonid^, 326, 330. 

GosseleHa^ 7^. 

Grammysia, y$<x 
Grammysiidw, 749. 

Granatocrinus, 459, 463, 464. 

Grantia, 179. 

Graphite, 3^ 

Graphularta, 331. 

Graptoliioideat 210. 

Grasshoppers, 597. 

Greensand, 34, 118. 

Gromia, 122. 

Gromida, X22, 124. 

Gryllacris, 597. 

Gryllus, 597. 

G^haa, 6gs> 696. 

Gr^hochiton^ 818. 

Gualieria, 390. 

Gturangeria, 722. 

Gtiettardia, 176. 

Gdynia, 266. 

GjrmnolaBinatous Polyzoa, 612. 
Gymnosomatous Reropods, 803, 804. 
G^dultu 672. 

(jypsum, 14. 
dj^oceras, 8^, 845. 
GyroporeUa>iimestane, 25, i 494 « 

HadrophylUda, 293, 296, 
HiUrophyllum, a^. 

Haimeia, 325. 

Jflaimeidat, 326, 327* 

Pfaliomma, 148, Z49. 

HatioHdm, 77®* 

HoUaHs, 77a 
Hdluarm^ x6x, 

'HalHrhoat x68. 

Pialycim^ sso» 

Hahsites, 339, 340* 

Hafysitida^ 327. 339* 

Ha^Us, 860, 86x« 

HamuHna, 8^ 

163. 

Napiocsr&St 865* 

86 $. 


HaplocrimdcB, 43a. 

Haplocrinus, 43a. 

Haphphlebium, 594. 

Haplophyllia^ 266. 

HarpHi 798. 

Ha^dtdm, 528. 

528. 

Harpist 798. 

Ha^des, 543. 

Harpocerasy 864, 865. 

JfarpoceraHda, 864. 

Hartea, 323, 326. 

Heart-urchins, 383, 389, 

HederelUiy 617, 

Hedriophthalmate Crustaceans, 556. 
Helcion, 762. 

Helianthaster, 397. 

Heliastraa, 272. 

HtlictdaSy 81 1. 
ijlelictnay 778. 
ffelicinidcey 778. 

Helicocerasy 861. 

Helicopora, 626, 

Helicotomay 7S7, 

HelioliteSy 335, 336, 337, 338. 
Heliolitidcdy 335, 337. 

HeliophyUideSy 289. 

Htliophyllumy 289, 290. 

Helioporay 331, 332, 333, 334, 335. 
Helioporidcty 326, 331. 

Htliozoay 109, iio. 

HeliXy 812. 

PJelminihochitony 818. 

Hemeristiay 594. 

HemerobiidtBy 598. 

Hemiaspidaiy 548. 

Hemiaspisy 549. 

HemiasUry 3^. 
ffemicardium, 728. 

HemieeraSy 808, 

HemicidariSy 381, 382. 
Hemicosmites, 447, 455. 
HemicystiUSy 45a. 

Hemimetabolic Insects, 592. 
HtmipedinUy* 382. 

HemtproniUSy 661. 

Hemtpieray 595. 

HemttrockUcuSy $66, 

Hercocerasy 845. 

Hermit-crabs, ^6$. 

HeteracHtulliday 160, 178^ 
Hetereuiridiumy 227. 

Heteroblastus, 464. 

HettroceraSy 861, 869. 

Heteroccelay 179. 

ffeterocriniday 434* 
ffetgrocrinuSy 434. 

Heter&dictyay 628, 629. 
HeUrophylliay 265, 269, 271. 
HtHrop^y 80a. 

Heteroporay 6ix, 612, 61$, 621, 622. 
HeUn^porellay 6ai, 622, 
HettrSporidmy 621. 

H^tmipUim$fUay 317. 

Hettrotbtginay z^. 

Hexacriniday 428. 



INDEX, 


1581 


HexacrinuSt 428, 

HexacHnellida, 168. 

Hexarhigites, 908. 

Hildoceras, 86$. 

Hindia, 165, 167. 

Hinnites, 701. 

Hifponyx, 764. 

Htpfopodium, 734. 

Hifp^us^ 797. 

Hi^othoa, 613, 636. 

Htfpothoida, 636. 

Hippurites, 733, 734. 

Htppuritidtg, 732. 

Htrudinea, 470. 

HisHoderma, 481, 482, 

Hoemesia, 705, 

Holaster, 343, 389. 

Holasterella, 173. 

Holasteridas, 389. 

Holectypus, 386. 

Holochiton, 818. 

Holocystis, 272, 273. 

Holocystites, 454, 455. 

Holometabolic Insects, 599. 

Holopea, 781. 

Hol^ella, 782, 

HolopidiB, 439. 

Holofus, 439, 

Holostomatous Gastropods, 755, 761. 
Holothuroidea, 406. 

Homalonotus, 533. 

Homarus, 565. 

Homocxla^ 178. 

Homocrinus, 436. 

Homotaxeous deposits, 46. 
Homothetus, 594. 

HopUtes, 867. 

Hoplocriniis, 434. 

Hoploparia, 565. 

Homera, 618. 

Homy Sponges, 161. 

Huronia, 840, 

HyaUsa, 803, 806. 

Hyalocylix, 805. 

Hyalonema^ 170. 

Hyalostelia, 170. 

Hyalotragos^ 167, 

HyboclyfuSy 387. 

HybocnnidcB, 434. 

HybocHnuSy 434. 

Hybocystitesy 434. 

Hydra y 193. 

Hydractimay 197, 198, 199. 

Hydrida, 190. 

Hydrobiay 780, 781. 

Hydrocephalus y 530. 

HydrocorallintBy 191, 323. 
mdroid Zoophytes, 195. 

Hydropkiliday 601. 

Hydrozoay 192. 

HymenocariSy 513, 514. 
Hyfnenoptera, 599. 

Hyocriniday 439. 

Hyocrinusy 440. 

Hplithes, 804, 807. 

HyolUhiday 8P7. 


Ityferarntnina, 127. 
Hypotremay 698. 
Hysiricrinusy 418, 428, 


fanihina, 782. 
lanlhintda, 783. 

Jchthyocrinida, 431, 445, 446. 
IchthyocrinuSy 431. 

Ichthyosarcolitesy 732. 

IdiostromUy 236, 

Idmonea, 6i8, 

IdmoneidcBy 618. 

IllcBnidcCy 53 $. 

Illcenusy 535, 536. 

Jmperatory 775. 

Imperfection of the palaeontological re- 
cord, 63. 

Imperforate Foraminifera, 120, 121, 122. 
Indusial Limestone, 598. 

Infusoriay no. 

Inkbag of Cuttlefishes, 823, 871. 
Inoceramus, 705, 706. 

Insect a, 587. 

Involutinay 229. 

Irregular Echinoids, 383. 

Isastrcea, 271, 272. 

IschaditeSy 170, 172, 173, 1564. 

330. 

IsoarcOy 712. 

Jsocardiay 736. 

Isochilina, 506, 507. 

Isodontay 739. 

Isonemay 776. 

Isopoda, 556, 558. 

Isotelusy 534. 
lulopsisy 585. 

Jelly-fishes, 206. 

? ’ereay 167, 168. 
ereicay 167. 

KampecariSy 584. 

Keilostomay 781. 

Kelliay 726. 

Kingenay 675. 

King-crabs, 546, 550. 

KirkbyOy 506. 

KlitamboniteSy 661. 

Honinckella, ^3, 664. 

Koninckiay 311. 

Koninckina, 664. 

KoninckinidcBy 663. 

Kraussinuy 675. 

Krdyera, burrows of, 488. 

JCutorgina, 651. 

Labeckiay 232, 233. 

Lace-corals, 622. 

Laceriporoy 315. 

Lacuna, 781. 

Leemodipoday 558. 

Lesvicardium, 728, 

Lagena, 131. 

LagenidcBy 122, 131. 

LMhifiina, 651, 652. 
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LameUibranckiata^ 683. 

Lanunie sproup of North America, 46. 
Lasiocla^at Z63. 

LasicgrapHdblt^ atg. 

Lasioigraptus^ 3x9. 

XMiimmandrat a/a. 

Litaiat 51Z. 

Z^anacrinuSt 431. 

Leda, 717. 

Le^nad^smus^ 481. 

JLetopathes^ 963. 
jLaopteria^ 703. 

Zjeiorhynchus, 670. 

L.eitlia«kalk, 35, 1497. 

L^padicUs^ 500. 

Lipadocriftus^ 449, 456. 

L^as, ^00, 50a. 

Leperd%tia, 506, 507. 

ZxperditicUB^ 506. 

L^idechinust 377. 

Ljepidesthes, 376. 

Lepidocentrus, 377. 

JLepidoptera, 599. 

JLepisma, 59a. 

Lepralia, 636, 637. 

Leptcena^ 659, 663. 

Leptaeonia^ 663. 

JLepfi^lust 653. 

Leptochiton^ 8x8. 
jLeptoclinum^ 603, 

Leptocasha^ ^5, 

Leptodomus, 750. 

L^ptograptida^ 316. 
l^ptogreptus^ 316. 

Leftomaria^ 766. 

Lepton, 736. 

Leptophyllia, 305. 

Leptoteuthis, 880, 881. 

Leucandra, 179, 1565. 

Letecones, 179, 1565. 

Ltuconia, 179. 

LeuconieUs, 179. 

Leucosoienia^ lyg, 

LibeUvM^t 597* 

LichadeB^ 540. 

Lichas, 539, 540. 

Licheno^ra, 6x3, 619. 

LichenoporideBt 619. 

Life-zones, 58. 

Lima, 700. 

LimacideB, 8zz. 

Limacina, 8ojL 
Limacinidee, 804. 

Limanomia, 698, 

Idmea, 700. 

Omestones, origin 
thre of, 15-33. 

LimidiB, 699. 

^*3»«a^;MZ{|»5XO. 

JUmmsa, 81^ 

LimfUPtdeB, 8x3. 

Limppsis, 723, 7x4. 

Lim^tera, 703. 

LimuHdw, 5<a 
Idmuhts, 540. 5^1 54 ®^ SS*- 
Lindstramna, aoo^ 
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Lingula, 650. 

Lingulella, 650, 651, 
Lingu/epis, 650. 

Lingultdce, 650. 
lAnthia, 390. 

Ldopisika, 749. 

Litkareea, 3x1. 

Liikentomum, 594. 
LithistieUg, 

Lithocardiuf^, 738. 
Lithodomus, 7x1. 

Litkogaster, 563. 
Lithographic Limestones, 18. 
Lithomantis, 594. 
LithostroHon, 387, a88. 
Littorina, 781. 

Littorinidee, 781. 

Lituites, 844. 

Lituitidce, 844. 

Lituola, 138. 

Lituohdce, X23, 128. 

Lobites, 856. 

Lobocarcinns, 567. 

Locus ta, 597. 

Lo/tusia, 129, 130. 
Lonsdaleia, 392, 393. 
Lophohelia, 263, 267, 268. 
Lophophyllum, 395. 
Lopkoseridce, 304. 

Lophoseris, 304, 

Loricula, 500, 502. 
Loxonema, 784. 

Lucemaria, 195, 206. 
Lucemartda, ao6, 

Lucina, 746, 747. 

Lucinacra, 746. 

Lucinidce, 746. 

Luidia, 392, 393. 
Lumbricarta, 484. 
Lumbriconereites, 479, 48a 
Lunatia, 779. 
Lunulicardtidce, 729. 
Lunulicardium, 729. 
Lunulites, 638. 

Lutraria, 742. 
Lychnoccmiu'ht, 149. 
Lymnocardium, 728. 
Lymnorea, 180. 

Lyonsia, 749. 

Lyopomata, 649. 

Lyra, 675. 

Lyrodesma, 713, 717. 
Lyropora, 626. 

Lyssakina, x68. 

Lytociras, 859, 860. 
LytoceratidcB, 859. 

Lyttonia, 67^ 

Maelurea, 77a, 773. 
Macrocheilus, 784, 785. 
Afacrodon, 713. 
Macropneustts, 390. 
Macroscapkites, 860, 
Maerura, 562. 

Afactm, 741, 74a. 

Mactridm, 741. 


and miososcopic struc- 
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Madrepora, 309. 

Madreporanat 203, 364, 

Madrepofida, 308. 

M(sandrina, 379. 

Mmandropora^ 621. 

Mceandrospongidcs, 175, 

Magas, 675. 

Maraesian limestone, 37. 

Mcuacodermata {Zoantharia), 363. 
Malacostraca, 556. • 

Malleus, 704. 

Mallophaga, 593. 

Malocystttes, ^a. 

Mandibles of Cephalopods, 82a, 827, 828, 
871. 

MantidcB, 597. 

Marginalia, 797. 

MarginuHna, 131. 

Marsupites, 442. 

Marsupitidce, 442. 

Martesia, 745. 

Mastopora, 188, 1564. 

Mastosia, 167. 

Matheria, 724. 

Mazonia, 578. 

Mecochirus, 564. 

Medusites, 208. 

Megalaspis, 534, 535. 

Megalodon, 735, 736. 

Megalodontidce, 735. 

Megalomus, 714, 716. 

Megamorina, 164. 

Meganteris, 675, 

Megaphy Hites, 859. 

Megerha, 675. 

Megistocrinus, 426. 

Melania, 785. 

Melaniidce, 785. 

Melanopsis, 785. 

Melina, 704. 

Melithcea, ^27. 

Mellitiom^, 176. 

Melocrinidae, 426, 429. 

Melocrinus, 426. 

Melonella, 167. 

Melongena, 796. 

Melonites, 376. 

Membranipora, 635. 

Memhramportdee, 635. 

Menocephalus, 531. 

Menophpllum, 295. 

Meretrtx, 737. 

Meringosoma, 479. 

Merista, 666, 667. 

Meristella, 666, 667. 

Mermis, 469. 

Merostomata, 546. 

Memlina, 973. 

Mesenteripora, 617, 6i8, 

Mesoblastus, 463. 

Mespilocrinus, 431. 

MetcHflastus, 463. 

Metacrinus, 443. 

Metoptoma, 76a, 763. 

Meyeria, 565. 

Mtamia, 594. 


Michelinia, 316, 317, 

Micrabacia, 304. 

Micraster, 3^, 390. 
Microconchus, 474. 

Microcyclus, 396. 

Microdiscus, 545. 

Microdon, 735. 

Micropora, 635, 636. 
Microporella, 636. 
MicroporellidcB, 636. 
Microporidce, 635. 

Microsolena, 305. 

Migrations, 50. 

Miliola, 134. 

MiliolidcB, 122, 124. 

Millepora, 323, 224. 
Millericrinus, 440. 
Mttcheldeania, 200, 201. 

Mitra, 797. 

Modiola, 710. 

Modiolopsidee, 718. 

Modiolopsis, 718. 

Modiomorpha, 718. 

Mollusca, 680. 

Molluscoidea, 603. 

Monac fine Hides, i6r. 

Monera, 109, no. 

Monilopra, 342. 

Monodonta, 775. 

Monograptidee, 215. 
Monograptus, 215. 

Monomerella, 654, 655. 
Monomyary Bivalves, 689, 692. 
Monopleura, 731. 
Monoprionidian Graptolites, 214. 
Monopteria, 703. 

Monotis, 706. 

Monotrypa, 347, 356. 
Monotrypella, 356. 

Monoxenia, 325, 326. 

Montacuta, 726. 


Monticulifora, 347, 351, 354, 355* 
Monticuliporidce, 346, 354. 
Monticuliporoids, 346. 
Montlivahia, 270. 

Moorea, 506. 

Mopsea, 327, 328. 

Moseleya, 374, 

Mucronella, 637. 

Murchisonia, 7&J, 768. 

Murex, 796. 

Muricidee, 796. 

Mussa, 262, 264, 272. 

743. 

Myacea, 741. 

Myalina, 708, 709. 

Mycedium, 304. 

Myidce, 742. 

Mylacris, 593. 

Mylothrites, 599. 

Mwearis, 511. 

Myoconcha, 724. 

Myophoria, 720. 

Myrianites, 485, 4®^* 

Myric^d^, 580. 

Myriozoida, 636^ 
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MyrmeleonHdm, 598. 
Mysis, 560, 561. 
MVitrofhorat 661. 


Mytilacea^ yoou 
mvHlarca^ 70B. 
Mytilida, yxa 
MyHlus, 710. 
MyxospongitB, 16: 
Mvzostoma, 469. 
Mynostom * *«, 465 


Nanocrinns, 433, 434* 

Narica^ 779. 

Nassa, 79^, 

Nasseliarta, 145, 146. 

Naticat 779. 

Naticella, 779. 

Naticida, 778. 

Natic(^sis, 778. 

Nautilidm, 844. 

Nautiloidea^ 833, 834. 

Nautilus, 826, 827, 845, 846. 
Neara, 743. 

Nehalia, 510, 512. 

Nebaliada, 512, 513. 

Nebaliopsis, 512. 

Necrocarcinus, 567. 
Necrogammarus, 557. 
Necroscilla, 562. 

NectoUlson, 561. 

Nematoda, 469. 

Nemerteans, 480. 

Nemertites, 4&). 

Neobolus, 651, 652. 

Neocrinoidea, 423, 424, 438, 445. 
Neolimulus, 549, 550. 
Neorinopsis, 599. 

Neoscorpii, 579. 

Nereidavus, 48a 
Nereites, 480, 484, 485, 

Nerinea, 787, ^8, 

Nerineidv, 787. 

NerilUt TIT, 

776, 

Neritina, 777. 

Neritodomus, 777. 

Neritoma, 777. 

Neritopsid€B, 777. 

Neritopsis, 777. 

Neuroftera, 597. 

Niduliies, 187, 188, 1564. 
M'Zwcj, 535. 

534 * 

78^ 

Nodosaria^ 131. 

NodosineUa^ 129. 

Nonionina, 134. 

NothoijgraSf 847. 

Nubtcularia, 124. 
NucUoblasH^, ^3. 
Nucleobranchiata, 802. 
NucUsospirat 667. 

Nucula, 715, 716. 

Nuculana, 717. 

Nucuianida, 717, 

NmculidoBf 7x4. 


Nuculina, 714. 

Nudibrancmate Gastropods, 756, 758, 
80a 

NuUiporen-kalk, 25. 

NulUpores, 24, 25, 1496. 

Nummulina, 134, 135. 

Nummulinidte, 123, 133. 

Nummulitic limestone, zao, 136. 

Obolella, 651. 

Obolida, 650. 

Obolus, 6?i. 

Oceanic Hydrozoa, 195. 

OctactinelUda, 177, 

OcHllasnus, 536. 

Octopod Cephaiopods, 873, 881. 

Oculma, 267. 

OculinidcB, 267. 

Oculospongia, i8o. 

Odon^maria, 766, 

Odostomia, 784, 

534 * 

Oldhamia, 205. 

Oldkamina, 678. 

Olenellus, 529. 

OUnidcB, 528. 

Olenus, 530, 531. 

OligochcBta, 470. 

Oli^oporus, 376. 

Oliva, 798. 

Olivella, 798. 

Olividce, 798. 

Ollacrinus, 429. 

Omfkyma, 282, 288. 

Ontscia, 792. 

OniscicUs, 559. 

Oniscus, 559. 

Onychaster, 402. 

Onyckophora, 58a. 

Oolitic structure of limestones, 28. 
Operculina, 137. 

(Hhidioceras, 844. 

(^hileta, 771. 

Ophiodeima, 403. 

(Uhioglypka, 400, 403. 

(Uhioleps, 404, 

(Mhiurella, 403. 

Ophiurida, 403. 

Ophiuroidea, 399. 

65^*/, 725. 

Opisthobranchiate Gastropods, 800. 
Oppelia, 865. 

C^bicular silica, 7. 

Orhiculoidea, 653. 

Orbitoides, 137. 

Orbitolites, 125, 126. 

Orbulina, X32. 

Orehestia, 557. 

Ormsier, 398. 

Or^nic types, succession of, 96. 
Onosioma, 775. 

Orophocrinus, 46a, 463, 464. 

Orosoif, 51 ^ 

Ortkis, 658, 659, 660. 

Orthisina, 661. 

Orthoceras, 836, 837. 
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OrthoceratidtB, 836. 

Orthodesma, 741, 

Orthonema, 785. 

Orthonoia, 741. 

Orihonychia, 765. 

Orihopiera, 5^. 

Orthotetes, 663. 

Ortonia, 476, 477. 

Osiracoda, 503, 504, 505, 

Ostrta, 695. • 

Ostreacea, 694. 

Ostreidee, 694, 695. 

Ovarian capsules of Graptolites, 213, 214. 
Ovulum, 791. 

OxynoHceras, 864. 

Pachastrella, 163, 164. 

Pachydomus, 725. 

I^chypora, 314, 315. 

Pachypoterion, 165. 

Pach^teria, 695, 699. 

Pachyrisma, 736. 

Pachyteichisma, 174. 

Pagurus, 565, 566. 

Palceacis, 306, 307, 309, 310. 

Palceacmcea, 762. 

Palceanatina, 750, 751, 

Palcearca, 

Paleeaster, 395, 396. 

Palcechinus, 373, 375. 

Palcega, 559. 

Palcegina, 206. 

Palceinachus, 567. 

Palteoblattina^ 593. 

Palaocatnfa, 582, 583, 

Palceocarts, ^57, 561. 

Palceocarpiltus, 567. 

Palceoch^da, 483, 1482. 

Palceocoma, 3^, 397. 

Palceocoryne, 202. 

Palceocorystes, 567. 

Palceocrangon, 557. 

Palceocreusia, 499. 

Palaocrinoidea, 423, 424, 425, 445. 
PaleeocyclidcB, 296, 

Palceocyclus, 280, 281, 296, 297. 
Palceocypris, 509. 

Palmocystites, 455. 

Paltsodictyoptera, 592, 593, 

PalcBodiscus, 397. 

Palaomanon, 1^. 

Palaomyrmex, 600* 

Palaoneilo, 717. 

Palesontina, 5^. 

Palaeontological Record, imperfection of, 
63. 

Palaeontological zones, 58. 

Palaeontology, relations and methods of, 
62. 

Palaopalamon, 563. 

Pake^honus, 578. 

Pakeopkycus, 483. 

Palmopinna, 709. 

Pala^ge, §27. 

Palaor^sita, 557, s6x. 

PalaosoUn, 741. 


Palasterina, 396, 397. 

Palastropecten, 398. 

Palechinoidea, 372, 373. 

Palesckara, 613, 

Palinuridee, 564, 

Palinurus, 565, 

Paludina, 780. 

PaludinidcB, 780. 

Panderia, 536. 

Pandora, 749. 

Pampcea, 743. 

Panorpidce, 598, 

Paolia, 394. 

Paper Ivfautilus, 881. 

Papyridea, 728. 

Paraholina, 531. 

Paradoxidce, 528. 

Paradoxides, 529, 530. 

Parallelodon, 713. 

Paramuricea, 30a 
Paranebalia, 512. 

Parapholas, 745. 

Parasmilia, 270. 

Parka, 554. 

Parkeria, 199, 200. 

Pasceolus, 186, 187. 

Patella, 

Patellidce, 762. 

Pauropus, 581, 582. 

Pavonaria, 331. 

Pearly Nautilus, 826, 827, 828. 

Pecten, 701. 

PecHnacea, 698. 

PecHnaria, 471, 

Pectinated rhombs of Cystideans, 450, 

Pecttmdce, 700. 

Pectunculus, 713. 

Pedinopsis, 383. 

Pedipalpi, 577. 

Pedunculated Cirripedes, 500. 
Peltnatozoa, 364, 4^. 

Peltarion, 778. 

Peltastes, 379. 

Peliocaris, 513, 515. 

Peltoceras, 868. 

Peltura, 531. 

Pempkix, 563. 

Pen of Cuttle-fishes, 872, 880. 

Peneeus, 363, 564. 

Penerophs, 124. 

Pennatulacea, 327. 

PennatulidcB, 327, 331. 

Pentaceros, 393, 397, 398. 

Pentacrinida, 441. 

Pentacrinus, 415, 441. 

Pentamerella, 672, 

Pentamerus, 671, 672. ^ 

Pentatremites, 462. 

Pentepkyllum, 464. 

Peniremites, 458, 459. 460, 461, 462, 463. 
Pefitremitidce, 463. 

Pentremitidea, 463. 

Perforate Corals, 306. 

Perforate Foraminifera, 121, 122, 130. 
Periaster, 390. 
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Peridimum, xzo. 

PeriecAacrintts, 406. 

Perifatui^ 581, 58a. 
P&rtschodomus^ 377. 
Perisekoechinida, 373, 375. 
PerisfhincUs, 867. 

Perltda^ 597. 

Perma, 704. 

PemopicUn^ 701. 

Pemostrea, 6^. 

Permella, 179. 

Petraiat *65, 067. 

Petrasier, 

Peiricoia, 738. 

Phacopidm, 541. 

Phac^St 541. 

S57- 

Ph^Bfrnchisma, 462, 464, 

14S» 146, 147. 
PkaUu^g^idm, 577. 

Phcdmfi^a, 58a 
Phanefhtfsonia, 397, 398. 
PhanPr^mps, 178, 179, 180, 181. 
Phaftttmida^ 179. 
Phartfrospongia, 181. 
Pkasianella, 775, 776. 
Phasmidai, 5^. 

Phillipsastrcea, 284, 290. 
Philhpsia, 528, 543. 

PkoladicUe, 744. 

Pholadidea, 744, 745. 
Pholadomya, 751. 

PholadomyidtB, 751. 

Pholas, 745. 

Pkolidophyllum, 283, 296. 
Phonnosoma, 3^ 

Phorus, 776, 777. 

Phosphate of lime, 15. 
Phragmoceras, 840, 841. 
Pkragmophara, 874. 
Phryganeid<B, 598. 

Pkrynidea, 579. 

Phrynus, 580. 

Phihanocoris, 595. 
Phylactolasmatous Polyzoa, 612. 
PAyllocarida, 51a, 

Phylloceras, 858, 859. 
PhylloceratidcB, 858. 
Pkyllodocites, 484, 485. 
Phyllograptida, 220, 221. 
Phyllograptus, 220, 221. 
Pkyll^poda, sio, 

Phyllopora, 026* 

Pkyllosoma^ 564. 

Pkylhteudms., 

Pf^mechinus, 3 « 3 - 
814, 

Physopdmrida, 

Pikennibeda, 4^ 

Pikolus, 777. 

PiUopsU, 7^ 

Piloaras, 838, 839. 

PinacoceraSt 858. 
PimcoceraUdm, 857. 
Pinacopom, 338. 

Pinna^ 709. 


Pinnatopomt 627, 628. 

Pinnid€B, 709. 

Pirena, 785. 

Pisania, 795. 

Pisidium, 738, 

Pisocrinus, 43a. 

Placonella, j&j. 

Placoparia^ 537. 

PlacotrochuSf sa66. 

P lac Una, 897, 698. 

Placunopm, 698. 

Plagiopiyckus, 732. 

Pl^ostoma, 700. 

Planolites, 483. 

Planorbis, 814. 

Planorbulina, 133. 

Plasmopora, 338, 

Platepnemera, 594. 

Platyceras, 764, 765. 

Platychonia, 167. 

PlatycrinidcB, 427. 

Platycrinus, 427, 428. 

Platyschisma, 771. 

Platystoma, ^6$. 

Platystrophia, 659, 660. 

Plectambonites, 662, 

Plectoderma, 173. 

Plesiastrcca, 272. 

Plesiofungidm, 303. 

PUsioporttidcB, 305. 

PUsioteuthis , 880, 881. 

PUthospongiep , 160, 161. 
Pleurobranchidce, 802. 

Pleurocera, 785. 

Pleurocystites, 449, 451, 456. 
PUurodictyum, 316, 317. 

Pleurograptus, 216. 

Pleuromya, 748. 

Pleuronotus, 773, 774. 

Pleurope, 176. 

Pleurophorus, 723, 724. 

Pleuropygia, 649, 

Pleurotoma, 799. 

Pkurotomarta, 765, 766, 767. 
Pleurotomariidce, 765. 

Pleurotomidce, 799, 

Plicatocrinidce, 440. 

Plicalocrinus, 440. 

Plicatula, 699. 

Plinthosella, 167. 

Plocoscyphia, 175. 

Plumaster, 399. 

Plumulites, 501, 502. 

Plutania, 529. 

Pocilhpora, 244, 269. 

Pocill^rida, 268. 

Podocyrtis, 148, 149. 

Podophthalmate Crustaceans, 556, 559. 
Podoseris, 304. 

Podura, 592. 

Psscilasfna, 496, 502. 

Pmilopoda, 546, 

Polir*schiefer, 33, 1490. 

PollicipeSt 50a. 

Polycheetous AnneUdes, 470, 471. 
Polycmlia, 265, 267. 
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Polycope^ 507, 508. 

PolycopidcB, 508, 

Polycyphus, 383. 

Pohcystina, 145, 146, 147. 
Polyplacophora, 816. 
Pohmorphina, 131, 

Polyphemopsis, 787. 

Polvpora, 624. 

Polystomella, 134, 

Polyirema, 133. 

Polytremacis, 335. • 

Polytremaria, 7^. 

Poilyzoa, 604. 

Pontocj^ris, 509. 

Porambonites, 672. 

Porcellia, 767. 

Porcellio, 559. 

Porella, 637. 

PoHtes, 310. 

PoritidcB, 306, 309, 310. 
Porocidaris, 379. 

Porosphesra, 200. 

Posidonia, joj. 

Posidoniella, 706. 

Posidonomya, 707. 

Potamides, 788. 

Poterioceras, 843. 

Poterioceraiida, 843. 
PoteriocrinidcB, 435, 436. 
Poteriocrinus, 41^ 436. 
PrczarcturuSy 559. 

PracardiidcB^ 751. 

Prcscardium, 751. 

Prasina, 702. 

Prasoporay 351. 

Prestwichia, ^50. 

Primitia, 500, 507. 

Primnoay 300, 331. 

PrionastrcBa, 272. 

Proboscinay 616. 

Productay 655, 656, 657. 
Productellay 657. 

ProductidcBy 655. 

Proetiday 542. 

ProeiuSy 542. 

Progonoblattinay 593. 

Propora, 338. 

Proscorpiusy 578. 

Prosobranchiate Gastropods, 760. 
Prosopofty 567. 

Prosoponiscusy 557. 
Protachilleumy 167. 

Protaraay 306, 309, 31 1. 
Protaster, 404, 405. 

ProHchniteSy 524, 525. 
ProtobalanuSy 4^. 

ProtocariSy 514. 

Prototystites, 451. 

ProtoHmuluSy 55a 
Protolycosa, 575, 580. 
Protopharetra, 184, 185. 
Protophasma, 594. 

Protophiurida, 404. 

Protoseris, 304. 

Protospongea, 157, 169. 
Protosycon, 179* 


Protosyngnatha, 582. 

Protozoa, 109. 

Psammobitty 739. 
PsammobiideSy 739. 
Psamntocarcinus, 576. 
PseudastacuSy 564. 
Pseudaxonia, 326, 327. 
Pseudedmondia, 739, 
Pseudocrania, 6^. 
Pseudocrinus, 456. 
Pseudodiademay 381, 382. 
Pseudofungida, 273. 
PseudomeXania, 785. 
PseudomelaniidcBy 784. 
Pseudomonotisy 703, 704. 
Pseudoneuropteray 597. 
PseudoniscuSy 549. 
Pseudoscorpionidce, 577. 
Pseudoturbinolidee, 266. 
Psilocephalus, 535. 

P solus y 406, 407. 

Pterineay 707. 

PterocariSy 515. 

PteroceraSy 789, 790. 
Pteronites, 703. 

Pteropoday 803. 

Pteropodal limestone, 24, 805. 
Pterostoma, 781. 

Pterotheca, 807. 
Pterygometopus, 541, 542. 
Pterygotusy 552, 553, 554, 555. 
Ptilodictya, 628, 629, 630. 
PtilodictyonidcSy 628. 
PtilograptuSy 204, 205. 
PtilonasteTy 404, 405. 
Ptilopora, 626. 

Ptychites, 862. 

Ptychitidce, 861. 

PtychoceraSy 860, 861. 
Ptychophyllum, 298. 
PugiunculuSy 807. 

Pulmonate Gastropods, 810. 
Pulvinulina, 133, 

PupOy 813. 

PurpurUy 794, 

PurpuridcBy 794. 
Purpuroidea, 794. 
Pustulopora, 618, 

Pygaster, 384, 386. 

PygauluSy 388. 

Pycnogoniacy 575. 
Ipgocephalusy 563. 

Pygurus, 388. 

Pyramidella, 784. 
ipramidellida, 783. 

34a» 343- 
Pyrgomay 499. 
lyrinay 387. 

Pyrula, 792, 796. 



Radiata, 19a 
Radiolaria, 144. 
Radiolarian coprolites, 148. 
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Radic^arian ooze, 146. 

Radl(^arian quartzites, 147. 
JScuiioiittSt 734. 

J^adicfora^ 6x^ 

793. 

Ramona, 794. 795, 

RastritiSt 316. 

Rece^tetculites, 170, 171, 17a, X73. 
Rec^teuuHtid<B, 170, 1563. 

Red Coral, 337. 

Redonia, 710. 

Reef-bmldin^ Corals, 356, 357. 
Regular Kchinoids, 378. 
Remi^UuridiBt 538. 

RtmopttmrideSt 538. 

Reniera, 163. 

RensseiUeria, 675. 

Reptaria^ 617. 

Requienia^ 730, 731, 

Retepora, 609, 610, 636, 637, 638. 
ReieporieUB, 637. 

Retwlites, 330, sai. 

RetioHHdtBt 319. 

Retzia, 666, 667. 

RkabdoceraSt 857. 

Rhabdoddaris, 379. 

Rhabd&mesan^ ^33* 
RhabdomesontiacB, 63a. 

Rhabdophora^ azo. 

RhabdopleurUt 333. 

Rhaphtstoma^ 767. 

Rhipidogyray 373. 

Rhtzangia^ 370. 

Rhizocephala, 497. 

RfUzocrinus^ 441. 

Rhizomorina, 164. 

Rhisophyllum, 3^, 301. 

Rkizopoda^ 109. 

Rhizopoterion^ 175, 

Rhizottomida^ 306. 

RhizQStomites, 307. 

Rhodarma, 3x1. 

RhodocriniM^ 438. 

RkodocrinuSf 419, 438. 

RAoM£hiftits^ 377. 

RkomHnat 508. 

Rhombcpara, 6x0. 

Rhopalastrum, X49. 

Rhyncholites^ 838. 

Rhynch^mella, 66gt 670. 
RkyncAonzUidiZ, 669. 
Rlvynchoporina, 670. 

Rhynchospira, 668 . 

Rhynchota, 595. 

Rhynchotmmis^ 838, 

Ribeiria, <11, 

Richmond eardi, 34, 1490. 

763, f 

Ringii^la, 801. 

Rissoat qOOt 781* 

Rissaidigt 780. 

Risstdna, 78Z* 

Robulina, 131. 

Rocks, classmcatloD of, 9. 

Roemerut, 3x9. 

Romin^ria^ 3x9. 


Rosenella^ 333. 

Rcsttllaria, 790, 791. 
Rotaliat 133. 

Rotaiidm, 133. 

Rudistm, 733. 

Rugosa, 356, 363, 364, 376. 
Rusicknites^ 535. 
Rusopkycus, 535. 

RutoHa, 706. 

Sabella, 

Sabellaria, 471. 
SaccamminUt X36. 
Saccocama, 444, 445. 
SaccocomidiBt 444. 
Sactoceras, 840. 

Sageceras, 858. 

Salenia, 379. 

SalenidiE^ 379. 
Salicomaria^ 635. 
SalicomariadcB, 634. 
SalmaciSt 383. 
Salpiftgostoma^ 789. 
Satterella, 808. 
Sanguinolites^ 750. 

539, 531. 

Saxicava^ 743, 744* 
Scalaria, 781, 783. 
Scalariidag^ 781. 

Scalites^ 7^, 

Scalpellum, 503. 
Scaphander ^ 80a. 
Scaphiocrinus, 436. 
ScaphiteSt 868 . 

Scaphopoda^ 8x9. 
Scarabisidee, 601. 
Schizaster, 390. 
Sckizoblastus^ 463, 464. 
Schizocrania^ 654. 
Schizodiscus, 511. 
Sckizodus, 730. 
SckizophoHs, 651, 653. 
Sckizopoda, 560, 561. 
Sckizoporella, 630, 637. 
Sckizosfoma, 77 n* 
Sckloenbachia, 863. 
Schmidtia^ 650. 

Scintilla, 736. 

Scissurella, 775. 
Sclerogorgia, 338. 
Scole^da, 4^. 
Scolecoderma, 475. 
Scoliostoma, 783. 
Scolithus, 481. 

Scorpiodea, 577. 

Scorpion, ^73, 574, 577. 
Scorpion-mes, 598. 
Scrabicularia, 748. 
Scrobiculariidm, 747. 
Scrupocellariat 634. 
Sculda, 563. 

Scutella^ 369* 385* 
Scyllarus, 565. 
Sea-anemones, 041. 
Sea-cucumbers, 406. 
Sea-urchins, 3^ 
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Sedimentary rocks, origin of, ix. 
SeUnaria, 638. 

Selenariidee, 638. 

Seliscothan, 164, 166. 

Semele, 748. 

Semicoscinium, 625. 

Sepia, 879, 880. 

Sepiophora, 874, 879. 

Septastrcea, 246, 272. 

SepHfer, 711. 

Septopora, 628. ^ 

Seraphs, 790. 

Seriatopora, 262, 268, 269. 

Serpula, 471, 472, 473. 

Serpulites, 475. 

Sertularida, 203. 

Sessile Cirripedes, 497, 499. 
Sestrostomella, 180. 

Shutnardia, 545. 

Sialidee, 598. 

Sigaretus, 779. 

Siliceous organic deposits, 32. 
Silicification, 7. 

Silicispongice, 160. 

Siliqua, 740. 

Siliquaria, 783. 

Simoceras, 868. 

Siphonaria, 815. 

Stphonariidce, 815. 

Siphonate Bivalves, 691, 692. 

Stfhonia, 167, 168. 

Stphonodentalium, 820. 
Siplionostomatous Gastropods, 760, 761. 
Stphonotreta, 652. 

‘ Skenidium, 660, 661. 

SHntonia, 555. 

Smilotrochus, 266. 

Smithia, 290. 

Smittia, 637. 

Smynthurus, 592. 

Solanocrinus, 443. 

Solariidte, 774. 

Solarium, 774. 

Solaster, 393, 397, 399 * 

Solecurtus, 740. 

Solemya, 748, 

Solemyidce, 748, 

740. 

Solenidce, 740. 

Soleniscus, 785. 


Solenopora, 200, 201. 
Solenopsis, 741. 

Sower^a, 739. 
SpatangidcB, 389. 
Spatangus, 390. 
Spathiocaris, 85a. 
SpheeracHnia, 199. 
Sphcsrechinus, 383. 
Sphcerexochus, 537. 
Spharium, 738. 
Spheeronites, 4 S 4 » 
Spfusrospmgia, 173, IS^* 
Sphmrulites, 734. 
Sphenaulax, 174. 
Sphmotrochus, 266. 
Sphinx, 599. 


SpiriaJis, 805. 

SHrifera, 664, 665 
Spirtferidee, 664. 

Spirtferina, 66 ^ 

Spirt^era, 666. 

SpiAilina, 133. 

SHrocyaihus, 184, 

Spiropora, 6x8. 

Spirorbis, 472, 473. 

Spirula, 873, 875. 

Spirulidce, 875. 

Spirulirostra, 878. 

Spondylida, 698. 

Spondylus, 698, 699. 

Spongilla, 158. 

Spongillidce, 155. 

Spongillcpsis, 163. 

Spongites, 161. 

Spongopkyllum, 286. 
Sporadopora, 225, 229. 
Sporadopyle, 174. 

Spumellaria, 145, 147. 

Squilla, 562. 

Stacheia, 129. 

StaphylinidcB, 601. 
Stauractinella, x68, 174. 
Stauria, 264, 273. 

Stauridce, 273. 

Staurocephalus, 537. 
Stauroderma, 174. 
Staurodermidce, 174, 176. 
Stauronema, 176. 
Stelidiocrinus, 427. 

Stellaster, 398. 

Stellispongia, 180. 

Stenasier, 396. 

Stenocrinus, 434. 

Stenopora, 350. 

Stenoschisma, 671. 
Stephanastrum, 149. 
Stephanoceras, 866. 
StephanoceratidcB, 865. 
Stephanophyllia, 308. 
Stereoplasma, 245. 

Stictopora, 630. 

StictoporidcB, 630. 

Stoliczkaria, 227, 228, 229. 
Stomatia, 770. 

Stomatiidce, 770. 

StomatopocU, 561. 

Stomatopora, 6x6, 617. 
Stomatoporidce, 616. 
Stomechinus, 383. 

Stone-flies, 597, 

StraparolluS, 770, 771. 

Strata, contemporaneity of, 46. 
Streblopteria, 702. 
Sirephochetus, 127. 
Strepsiptera, 600. 

Strepte/asma, 278, 279, 280. 
Streptorhynchus, 663. 
Strtatopcra, 3x5. 

Stricktandia, 672. 
Stricklandinia, 67a. 
Stringocephalida, 676. 
Stringocephalus, 676, 677. 
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Sttm^iaeysnieSf 453. 
Sirvt>MtacHs, ai. 

Sirvmate^a, 335, 336, 337. 
fSil^^Nwaii^Am//^ 336, 337. 
S kil ^m a ^aforoieleat 339, 1564. 
789, 

SH^unbodUst 387, ' 

Strom&m^ 789. 
Stfvn^iocentrotus^ 383. 
SiropKalosia, 657. 

Strophomena, 659, 660, 661. 663. 
Str^hommidtBy 658. 
Strophostylus^ 765. 

Stynna, 535. 

Stylartea, 3x1. 

Sty taster, 325, 226. 

Stylasteridce, 225. 

Siylina, 272. 

Styliola, 805. 

Styliola-limestone, 805, 806. 
Stylodictya, 148, 149. 
Stylommatophora, 811. 
Stylonurus, 554, 555. 

Stylophora, 344, 345, 268. 
Subulites, 786, 787. 

StibuliiidiB, 7^. 

Successian of organic ty|»es, 96. 
Succtkea, 813. 

Sitessia, 66 $. 

Sulcator, burrows of, 48^. 
SulcunsL, 508. 

Sulphate of lime, 14. 


^can, 179. 

Syeones, 179. 

Syconida, 179. 
^mbathocrinidce, 43a. 
Symbathocrinus, 432. 
Synapta, 406, 407. ^ 

Synap&cAus, 851. 

368, 

^n 0 cUuiia, 628. 

127, 

Synrimg^Hies, 318, 319. 
Syringyypkyllufn, 323. 
^9i^op(fra^ 3x9, 321, 322. 
Syringoporidee, 3x9, 320, 3ax. 
SyringospJuera, 227, 229. 
^^stgospheeridee, 239, 
Syringotkyris, 665. 


Tabulate Corals, 364. 

Toftiaster, 405* 

Talitrus, 5^. • ^ 

Tancredia, 739. 

Tancredidett 739. 

43*, * 1 

Teipcacri^us^ 431, 445, 
Tecttowachiate Qastinjppds, 800, 
TtUimnidet, X79, w ^ ^ ^ 

TelUna, 747. 


^Utnaua, 747 * 
gVtHnida, 747, 
Tetiino0^, 716, 717. 
Ttmnechmus, 383. 


Temnocheilus, 846. 

Tmubrionidee, 601. 

Tentaculites, 808, 809, 810. 
Tentaculiti^, 806. 

Terebetlum, 790. 

Terebra, 7^ 

TerebraUlla, 675. 

Terebratuta, 673, 674, 
TerebratulideB, 673, 

Terebratulina, 674. 

TerebridePt 799. 

Terebrirostra, 675. 

Teredina, 745. 

Teredinidai, 745, 

Teredo, 745, 746. 

Termites, 597. 

Terquemia, 699. 

Tessellate Cnnoids, 433, 434. 
Testacella, 8ix. 

TestacellidoB, 81 1. 

Tethya, 163. 

Teihyopsis, 164. 

Tetrabranchiate Cephalopods, 826. 
Tetracidaris, 378, 379. 

Tetracladina, 165. 

Tetracoralla, 276. 

Tetractinellidee, 163. 

Tetradiidce, 34a 
Tetradium, 340, 341, 

Tetragonis, X73. 

Teiragraptus, 217. 

Tetraprionidian Graptolites, 220. 
Textularia, 130. 

Textularidce, 122, X3a 
Thalaminia, 199. 

Thalassicolla, 144. 

Thalassolam^, 144. 

Thamnograptus, 205. 
Thaumatocrinus, 438, 443. 

Theca, 807. 

TheccLphora, 197, 203, 

Tfiecia, 322, 323. 

Thecida, 322, 323. 

Thecidea, 678. 

Theddiidce, 6rjj. 

Thecidium, 677, 678, 

Thecocyaihus, 066 . 

Thecopsammia, 308. 

Thecosmilia, 270, 372. 
Thecosomatous Pteropods, 803, 804. 
Thecostegites, 323. 

TAetyptMnus, 580. 

ThetmoidtB, 620. 

HkeHs, 738, 

Thkming out of beds, 73. 
Thiotlimricrinus, 443, 443. 
ThoHasipprella, 178 . 

Tharacica {Cimpedia), 497. 
Thoracostraca, 559, 

Thracta, 749. 

Thyonidium, 406, 407. 

592 .^ 

Tiaracrinus, 453. 

Tinoporus, 133 * 

^ 4 . 

579 * ' 
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Tomatella, 801. 

TornatellidcB, 800. 

Toulminiay 175. 

Toxoceras, 869. 

Trackyceras, 857. 

Trachyderma, 475, 

Trackymedusce, 205. 

TrackynemidcB, ao6. 

Trachynemites, 206. 

Trachypora, 315. • 

Tracks of Anndides and Molluscs, 480, 
484. 

Trapezium^ 736, 

Tremabolites, 175. 

Tremacysfia, 180. 

Tremadictyon, 174. 

Tremanotus, 769. 

Tretnatis, 651, 653. 

Tremaiodiscus, 149, 846. 

Trematospira, 668. 

Tretenterata (Brachicpoda), 649. 
Triacrinus, 432. 

Tricpna, 600. 

TriarthruSt 532. 

TrichiteSt 710. 

Trichoptera, 597, 598 
Tricceiocrinus, 463. 

Tridacna, 727. 

TridacnidiB, 727. 

Triforis, 789. 

Trigonellites, 851. 

Trigonia, 719, 720. 

Trigoniidce, 719. 

Trigonodus, 722. 

Trigonosemus, 675. 

Trilobita, 516. 

Trimerella, 654, 655. 

TrimerelHdcSf 654. 

Trimerocephalus, 541. 

Trinucleidee, 544. 

Trinucleus, 544, 545. 

Triplesia, 670. 

Tripoli, 33, 1490. 

Trivia, 791. 

Triton, 793. 

Tritonium, 793. 

Tritoniidce, 792. 

Trochammiva, 129, 

TrochidcB, 774. 

Trochobolus, 174. 

Trochoceras, 844. 

Trochoceratidce, 844. 

Trochocyathus, 266. 

Trochocystites , 451. 

Trocholiies, 844. 

Trochonema, 7^. 

Trochoseris, 304. 

Trockosmilia, 270. 

^Tro^tomu, 767. 

Trochun 77 ^ 

TroostoblasHda, 463. 

Tiroosiocrinus, 463. 


Tr< 30 um, 796 . 
fidmter, 399. 
pidolep^us, 661. 
»iV«, 836. 
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Tropitida, 856. 

Truncatella, 786. 
Truncatellida, 786. 
Truncatulina, 133, 
Tryblidium, 762, 763. 
Tubicolous Apnelides, 471. 
Tubipora, 326, 328, 329, 330. 
Tubiporiakt, 320, 328. 
Tubularian Z^phytes, 197. 
Tubulipora, 616. 
Tubuhporida, 616. 

Tubulosa, 264. 

Tudicla, 796. 

Tunicata, 603. 

Turbinaria, 310, 

Turbinella, 795. 

Turbinidce, 775. 

Turbinolia, 266. 
Turbinolidce, 265. 

Turbo, 775. 

Turbonilla, 784. 

Turricula, 797. 

Turrilepas, 500, 501, 502. 
Turrilites, 860, 86 r, 862. 
Turritella, 782, 783. 
Turritellidce, 782. 
l^lostoma, 779. ^ 

Typhis, 796, 797. 


Umbonium, 775. 

Umbrella, 802. 

Uncites, 667, 668. 
Unconformability of strata, 69, 70. 
Ungulina, 739. 

Ungulinidce, 738. 

UnicardiidfB, 739. 

Unicardium, 729 - 
Unio, 721. 

Unionidce, 720. 

Unitrypa, 626. 

Uraster, 399. 

Urasterella, 396. 

559. 


Vaginulina, 131. 

Valenciennesia, 815. 

Valvata, 780. 

Valvular pyramid of Cystideans, 449. 
Valvulina, 129. 

Vanikoro, 779. 

Vanuxemia, 714. 

Velates, 777. 

Velutina, 765. 

Velutinid<x, 765. 

Venericardia, 723. 

Veneridce, 737. 

VefUf^pis, 737. 

Ven^iculites, 175. 

VeniriculitidcB, I 74 « 175 * 

J/ifwwr, 737. ^ 

Vermem^. 

Vermetidcs, 78^* 

Vermetus, 783. 

Vermilia, 47a. 

Vert^fia, 499. 

Verrucidaet 499. 

2 Y 
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Verrucocalia, 174. 
yerruculina, 167, 
Verticillites, 180. 
Vestinautilus, 846. 
Veiulina, 165, 167. 
Vincularia, 635. 
Vinculariida^ 635. 

Vioa^ 162. 

Vivipara, 780. 

Voluta, 797. 

Volutida, 796. 

Volutilithes, 797. 
Volutomitra, 797. 

Vulsella, 703, 704. 

Waldheimia, 64a, 645, 646. 
Websteria, 328. 

White Ants, 597. 
Willemoesia, 564. 

Xanthilites, 567. 

Xantho, 567. 

Xanthopsis, 567. 

Xenaster, 397. 


Xenoneura, 594. 

Xenophora, 776. 

Xenophorida, 776. 

Xiphosura, 546. 

Xtphoteuihis, 878. 

Xylohius, 584, 585. 

Xylophaga, 745. 

Xylophagella, 745. 

Yoldia, 717^ 

Zaphrentidce, 294. 

Zaphrentis, 247, 262, 277, 281, 282, 283, 
293, 294. 

Zaphrentoidea, 284, 293. 

Zeacrinus, 436. 

Zeilleria, 674. 

Zethus, 539. 

Zoantharia, 261 ; Z, tnalacodermafa, 
263 ; Z. sclerobasica, 263 ; Z. sckroder- 
mala, 263. 

Zonites, 812. 

Zoocapsa, 499. 

Zygosptra, ^9. 
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Abderites, 1268. 
Acanthaspis, 965. 
Acanthias^ 929 . 
Acanthobatis , 934. 
Acanthodea, 965. 
Acanthoderma, 1015. 
Acanfhodes, 966. 
AcantfiodidcBy 966. 
Acanthodopsis , 966. 
Acanthole*is, 965. 
Acanthopnolis, 1161. 
Acanthopleurus, 1015. 
Acanthopsis^ 1000. 
Acanthopte 7 ygii, 1005. 
Acanthurus, 1010. 
Acanus, 1013. 
Accipitres, 1239. 
Acdestis, 1268. 
AcentrophoruSy 982. 
Aceratherium, 1367. 
AchcBnodoHy 1323. 
Acheloma, 1032. 
Achelonia, 1103, 
Achyi'odon, 
Acicbielyidce, 1102. 
AcicheLys, 1103. 
Acipenser, 975. 
AcifenseridcB, 974. 
Actfenseroidea, 974. 
Actprion, 1139. 
Acodus^ 921. 

Acomys, 1418. 
Acot^rulum, 1332. 
Acrodus, 942. 
Acrogastert 101 1. 
Acrognathus , 994. 
Acrolepis^ 978. 
Acronurid€8, loio. 
Acrosaurusy 1137. 
Acrotemnus^ 9 ^, 
ActeosauruSf 1143. 
Actinobatis, 933. 
Actinodon^ 1031. 
Adapts, 1466. 


Add ax , 1348. 

A denoderfna , 1025. 
Adeotherium , 1329. 
Adiposorex , 1459. 
Adiposoricidce , 1459. 
Adiposof ' iculus , 1459. 
AdocidcB , 1106, 

Adocus , 1106. 
Adriosaurus , 1139. 
AScbmodus , 982. 
AE . lurictis , 1446. 
A ^ iurodon , 1433. 
AElurogale , 1446. 
ABluropsis , 1445. 
AElurosaurus , 1058, 1569. 
A ^ lurus , 1430. 

Aiolodon , 1189. 
yEpichthys , 1009. 
^ pyo 7 - nis , 1225. 
^ pyomithes , 1225. 
AEpyomithidee , 1225. 
^^^ P > yprymnus , 1286. 
j ^ pysaurus , 1179* 
AEthalion , 989. 

Aetobatis , 936. 
A ' etosauria , 1182. 
AMtosauHdcB , 1182. 
Aitosati $ f $ ts , 1137, 1182. 
Agama , 1139* 

Agamidm , 1139* 
Agassizia , 989. 
Agatkaumas , ii 54 - 
Aglossa , 1043. 

Agnopterus , 1238. 
Agomphus , 1106, 
Agriochasrus , 1328. 

A tpicktkys=i Aipichthys , 
Aistcpoda , 1024. 
Alachthzrium , 1424. 
Alactaga , 1416. 

Attastor , 1461. 

Alaudidce , 1242. 

WjUauda , 1242. 

^ 1232. 
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AlcedinidcR ^ 1343. 
AUelaphusj , 1347. 

A ices, X341. 

Aicidce, 1333. 

A lector ides, 1333. 
Aletomis, 1233. 
Alligator, 1196. 

Allodon, 1370. 
Allolepidotus, 982. 
Allotnvs, 1421. 
AUopleuron, xix6. 

Allies, 1374- 

Allosaurus, n68. 
Alopecias, 945. 

Alosa, 996. 

Alytes, 1043, 
Atnblotherium, X276. 
Amblyctonus, 1453. 
Amblypharyngadon, ioot. 
Amblypoda, 1383. 
Amblypristis, 931. 
Amblypterus, 978. 
Amblyrhiza, 1415. 
Amblystoma, 1041. 
Amblyurus, 983. 

Amia, 991. 

Amiidce, 990. 

Amioidea, 988. 

Amiopsis, 991. 
Amphibamus, 1024. 
Amphibia, 1018. 
Amphicetus, 1304. 
Amphichelydia, 1091. 
Amphiccelias, 1173. 
Amphicotylus, 1191. 
Amphictis, 1438. 
Amphicynodon, 1436. 
Amphicyon, 1434. 
Amphidozotherium, 1458. 
Amphiemys, 1106. 
Amphilestes, 1274, 
Amphiperatherium, 1281, 
Amphtplaga, 1014, 
Amphtrana, 1044. 
Ampkisaurus, xi66. 
Amphisile, X005. 
Amphisorex, 1457. 
Amphistium, 10^. 
Amphitheriidce, 1273. 
Amphitherium, 1276. 
Amphitragulus, 1338. 
Amphitylus, X374. 
Amphiutna, X041. 
Ampkodon, 998. 
Amynodon, 1365. 
Amynodontid^, 1365. 
Anacanthina, X003. 
A^tacodoft, 1383. 
Anapterui^, xoox. 
Anaptomofphus, 1467. 
Anas, 1330. 

Anatid^, 1236. 
Anchilophus, 1358. 
Anchippodontidce, 1408. 
Anchtppodus, X408. 
Anchtppus, 1359. 


Anchisauridce, 1166. 
Anchisaurus, 1166. 
Anchitherium, 1358. 
Ancistrodon, 1016. 
Ancylopoda, X373. 
Ancylotherium, 1373. 
Andrias, X04X. 
Anenchylum, loxo. 
Anguidm, 1140. 

Anguilla, 1002. 

Anguis, 114c!. 
Anguisaurus, 1137. 
Anisodexis, 1032. 
Anisolophus, 1359. 
Anisotjchus, 1380. 
Ankistrodon, X167. 
Anomalichthys , 965. 
Anomodontia, X053, 1569, 
Anoplonassa, 1308. 
Anoplosaurus, 1161. 
Anoplotheriidis, 1328. 
Anoplotherium, 1328. 

A nostir a, X105. 

Anser, 1236. 

Anseres, 1236. 

Anthodon, 1056. 
AnthracosauridcB, X033. 
Anthracosaurus , 1034. 
AnthracotheriidcB, 1324. 
A nthracotherium, 1 324. 
Anthropoidea, 1468. 
Anthropopithecus, 1470. 
Antilocapra, 1345. 
Antilocapridce, 1345. 
Antilope, 1347. 

Apateon, 1024, 
ApateonidcB, 1024. 
Apatornis, 1229. 
Apatosaurus, 1173. 
Aphanapteryx, 1233. 
Aphelophis, 1147. 
Aphelops, 1367, 
Aphelosaurus, 1137. 
Aphelotherium, 1466. 
Apholidemys, 1x05. 
Aphrodediridce, 1014. 
Aphrodedirus, 1014. 
Aplax, 1103. 

Apocopodon, 936. 

Apoda, 1039. 

Apogon, X013. 

Aptenodytes, 1232. 
Apterodon, 1453. 
Apteryges, 1225, 
Apterygidce, 1225. 
Apteryx, X225. 

Aptomis, 1233. 

Aquila, 1340. 

Ara, 124X, 

Ara ^ ima , 999. 
Arcfuslurus, 1446. 
Archeeobatis, 935. 
Archeeobelus, xo6o. 
Archceoceti, X304. 
Archceockelys , X093. 
Archceomys, 14x6. 
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ArchcBopterygidcB^ 1221. 
Archmopteryx^ 1221. 
Archisotherium, 1323. 
Archcsus, 1008. 
Arckegosauridm, 1029. 
Arche^osaurus, 1030. 
Archtckthys, 971. 
Arctocyon, 1453. 
ArctocyonidcF, 1453. 
Arctodus, 1429. 
Arctomys, 1420. 
Arctosaurus, 1166. 
Arctotheriumy 1432. 
Ardea, 1238. 

Ardeidce, 1238. 
Ardeosaurus, 1137. 
Argala, 1238. 
Argillochelyst 1115. 
Argillomis, 1239. 
Argillotherium, 1453. 
Argyriosus, loio. 
Aristosuchus, 1169. 

Art us, 1002. 
Artiodactyla , 1313. 
Arvicola, 1417. 

Asima, 1013. 
AsineopidcB, 1014. 
Asineops, 1014. 
AsiontdcB, 1240. 
Aspidichthys, 965. 
Aspidopleurus, 997. 
AspidorhynchidcR, 987. 
Aspidorhynchus, 987. 

A spins, icx>o. 
Asteracanthus , 943. 
Asterodermus, 933. 
Asterodon, 986. 
Asterolepididce, 962. 
Asterolepis, 962, 
Asterospondyli, 937. 
Asthenodon, 1276. 
Athecata, 1088. 
Atherina, 1006. 
Atherinidcc, 1006. 
Atherstonia, x. 
Atherura, 1415. 
Athrodon, 985, 
Atlantochelys, 1090. 
AtlantosauridcB, 1173. 
Atlantosaurus, 1173. 
Atoposaurus, 1148. 
Attakeopsis, 989. 
Auchenaspis, 961. 
Auchenia, 1335. 
Auchenoglams, 1001. 
Aulacochelys, 1118. 
Aulaxinus, 1469. 
Auliscops, 1005. 
Anloiepis, 994. 
Aulostoma, 1005. 

Aves, 1208. 

Axtstus, 1 1 18. 

Babirusa, 1321. 
Bachiiherium, 1333. 
BabnUi 1093. 


Ba'inidtB, 1093. 

Bagarius, 1002, 

Balcena, 1302. 

Balcenidts, 1302. 

Balcenodon, 1305. 

Balcenoptera, 1303. 

BalcBnotus, 1302. 

Balasnula, 1302. 

Balistes, 1015. 

Balistidce, 1015. 

Bapketes, 1033, 

Baptanodon, 1127. 

Baptemys, 1106. 

Baptosaurus, 1145. 

Batagur, 1107. 

Bathmodon, 1387. 

Bathygnathus, 1166. 

Bathyopsis, 1388. 
Batrachiderpeton, 1024. 
Bairachosanrus, 1137. 
Bairachus, 1044. 

Bdelostoma, 923. 

Belemnobatis, 933. 

Bellia, iio8. 

Belodon, 1183. 

Belone, icxx). 

Belonorhynchidcs, 988. 
Belonorhynchus, 988. 
BelonostomuSf 987. 

Benedenius, 979. 

Bernissartia, 1191. 

Berycidce, 10 10. 

Berycopsis, 1011. 

Beryx, loii. 

Bettongia, 1286. 

Bison, 1351. 

Bitis, 1148. 

Blastomeryx, 1342. 

Blenniida, 1006. 

Blochius, 997. 

Boavus, 1147. 

Boidce, 1147. 

Bolodon, 1270. 

Bolodontid(s, 1270. 

Bolosauridee, 1060. 

Bolosaurus, 1060. 

Bombinator, 1043. 

Bodtherium, 1350. 

Bos, 1351. 

Boselaphus, 1348. 

Botkremys, 1099. 

Bothriceps, 1033, x. 

Bothrioiepis, ^2. 
Bothriospondylus, 1176. 
Bothrolabis, 1322. 

Botrophis, 1147. 

BovicUe, 1345. 

Brachycyon, 1434. 

Brachydectes, 1191. 
Brachydiastematotkerium, 1373. 
Brachydirus, 964. 

Brachymys, 1419* 

Brackyops, 1032. 
BrackytheHum, 133a 
BradypodidcB , 1299. 

Bradypus, 1300. 
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Bramatherium, 1344. 
Branchiosauria^ 1033. 
Branchiosauridm^ 1023. 
BranchwsauruSy 1023. 
BrithopuSf zo6i, 1570. 
Brontops, 1374. 
Brontosaurus y ^^*73* 
Bronioiherium^ i374* 
Bubalus, 1350. 

Bubo^ 1241. 

Bucapra^ 1350. 
Bucerotid€B, 1242. 
Buck/andium, 1001, 
Bufavus, 1043. 

Bu/o, 1044. 

BufonidcB^ 1043 - 
Burtinopsis, 1303. 

Buteo, 1240. 

ByactinuSf 951. 

CacatuidiBt 1241. 
Cadurcotherium^ 136$, 
Cf^nopithecus^ 1466. 
CcBnotheriidce^ i330« 
Ccenotherium, 1330. 
Caiman, 1196. 
Calamagrus, 1147. 
Calamodon, 1410. 
Calamodontidce, 1410. 
Calamoichthys, 974. 
Calamopleurus, 1005. 
Calamospondylus, 1170. 
Calamostoma, 1014. 
Callipterpx, zcxyj. 
Calltikrtx, 1469. 
Callophoca, 1423. 
Callopristodus, 930. 
Callorhynckus, 950, 951. 
Camarasaurus, 1173. 
Camascelus, 1233. 
Camelidce, 1334* 
Camelopardalis, 1343. 
Camelus, 1335. 
Campodus, 941. 
Campfomus, 1268. 
Camptonotus, 1159. 
Camptosaurus, 1159. 
CamdtB, X430. 

Canis, 1435. 

Canobius, 978. 

Capitodus, 1012. 
Capitosaurus , 1036. 
Capra, 1349. 

Capreolus, 1342. 
Caprovis, 1350, 
Carangidm, 1008. 
Caran^psis, loio. 
Cmranx, toio. 
Carckarias, 946. 
Carchariidai, 946. 
C^rcharodon, 94$. 
Carcharopsis, 944. 
Cardiat^rium, 14 14^ 
Cardiodon, ixjy, 14x4* 
Cardiomys, 14x4. 
CaretiochelyidiB, iiox. 


Carettochelys, hot. 

Cariacus, 1342. 

Carinata, 1229. 

Carine, 1241. 

Carioderma, 1295. 

Carnivora, 1421. 

Carterodon, 1415. 

Castor, 1419. 

Castorid(B, 1419. 

Castoroides, «:4iS. 
Castoroidid(B, 1415. 
Casuariidee, 1228. 
Catapleura, 1138. 
Catarractes, 1232. 

Cathartes, 1239. 

Cathartidee, 1239. 

Catopterus, 982. 

CaturidcB, 989. 

Caturus, 989. 

Caudata, 1039. 

Caulodon, 1176. 

Cavia, 1413. 

Caviidce, 1413. 
Cayluxotherium, 1456. 
Cebidce, 1469. 

Cebochcerus , 1322. 

Cebus, 1469. 

Cenerodus, 986. 

Centetodon, 1459. 
Centracodon, 1459. 

Centrina, 929. 

CentriscidcB, 1005. 

Centrolepis, 978. 
Centropnorus, 928. 
Cephalaspidea, 959. 
CephalaspididcB, 961. 
Cephalaspis, 961. 

Cephalogale, 1434. 

Cephalopus, 1347. 
Ceraterpeton, 1025. 
Ceratochelys, iioi. 
CeratodontidcB , 953. 
Ceratodus, 953. 

Ceratophrys, 1044. 

Ceratopid(B, 1163. 

Ceratops, 1163. 

Ceratoptera, 936. 
Ceratosauria, iioi. 
Cercopithecidee, 1469. 
Cereopsis, 1236. 

Cerodon, 1413. 

Cervalces, 1341. 

Cervidas, 1336. 

Cervulus, 1338. 

Cervus, 1338. 

Cestracion, 943. 
CestracionttdiX, 940. 

Cetacea, 1300. 

Cetharthrosaurus, X129, 1x46. 
Cetiosaurides, 1177. 
Cetiosaurus, 1178. 

Cetorhinus, 946. 
Cetotheriophanes, 1303. 
Cetotherium, 1303. 

Cetuba, X24X. 

ChaetodontidcBt 10x3- 
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Chaibassia, 1109. 
Chalicomys, 1420. 
Chalicotheriidce, 1372. 
Chalicotherium, 1373. 
Chameleon, 1142. 
ChameUontidce, 1142. 
Champsodelphis, 1306. 
ChampsosauridcB, 1133. 
Champsosaurus , 1133. 
Chanos, 995. 
Charadriidce, 1233. 
Charadrius, 1233. 
ChauUodontia, 1033. 
Chauna, 1237. 

Chelodina, iioo. 

Che lone, 1115. 
Chelonemys, 1098. 

Che Ionia, 1082. 
Chelonid(E, iiii. 
Chelonides, 1097. 
Chelotriton, 1041. 
Chelydosaurus, 1031. 
CheLydra, 1104. 
Chelydrid<p, 1104. 
Chelydropsis , 1105. 
Chelyidce, iioo. 

Chelys, iioo. 
Chelytherium, 1096. 
Chenornis, 1237. 
Chilonyx, 106^, 1570. 
Chiloscyllium, 944. 

C him (era, 950. 
Chimeeridce, 950. 
Chimeroidei, 949. 
Chimeropsis, 951. 
Chinchillidce, 1414. 
Chiracanthus, 966. 
Chirocentridce, 999. 
Chirocent rites, 995. 
Chirocentrus , 994. 
Chirodopsis, 979. 
Chirodus, 979. 
Chirolepis, 977. 
Chiromys, 1464. 
Chiromystus, 999. 
Chironectes, 1280. 
Chiroptera, i 4 S 9 * 
Chirosaurus, 1038, 
Chirotherium, 1038. 
Chirothrix, 1006. 
Chirox, 1269. 

Chitra, 1118. 
Chitracephalus, 1098. 
Chlamydosaurus, 1140. 
Chlamydoselache, 938. 
Chlamydotherium, 1292. 
Chcenohyus, 1321. 
Ckceromeryx, 1333. 
Chceromorus, 1321. 
Chceropotamida, 1322. 
Chceropotamus, 1323, 
CholcBpus, 1300. 
Chonarenchelys, 927. 
ChondrosteidcB, 976. 
Chondrosteus, 976. 
Choneziphius, 1306. 


Chriacus, 1453. 

ChromidcB, 1005. 
Chronozoum, 1311. 
Chrysemys, 1107. 
Chrysichthys, 1002. 
Chrysophrys, 1012. 
Ciconiidce, 1238. 
Cimolestes, 1277. 
Cimolichthys, 998. 
Cimoliochelys, 1116. 
Cimoliomys, 1268. 
Cimoliophis, 1146. 
Cimoliomis, 1201. 
Cimoliosaurus, lojy, 1570. 
Cimolodon, 1268. 
CinosternidcB, 1105. 
Cinostemum, 1105. 
Cionodon, 1154. 

Circus, 1240. 

Cirognathus, 1064. 
Cistecethalus, 1064. 
Cistudo, 1108. 

Cladiodon, 1167. 
Cladocyclus, 1006. 
Cladodontidce, 927. 
Cladodus, 927. 

Clarias, 1002. 

Clasies, 988. 

Clemmys, 1108. 
ClepsydropidcB, 1059. 
Clepsydrops, 1059. 
Clepsysaurus, 1166. 
Clidastes, 1143. 

ClUnatius, 967. 
Climaxodus, 929. 
Clinodactyla, 1312. 
Clithrolepis, 983. 

Clupea, 995. 

Clupeidce, 994. 
Cnemiornis, 1236. 

Cobitis, 1000. 

Cobus, 1347. 

Coccoderma, 974. 

Coccodus, 985. 

Coccolepis, 978. 
Coccostei(i<je, 964. 
Coccosteus, 964. 
Cochleosaurus, 1031. 
CochliodontidcB, 939. 
Cochliodus, 940. 

Cocytinus, 1027, 
Coelacanthida, 972. 
Coelacanthus, 973. 
Coelodon, 1299. 

Ccelodus, 984. 

Coclogaster, 995. 
Coelogenys, 1414* 
Ccelorhynchus, 952, loio. 
Ccelurtda, 1170, 

Coelurus, 1170. 

Cogia, 1305. 

CMus, 1469. 

Colonoceros, 1653. 
Colonodus, 969. 
Colonomys, 1419* 
Coloreodon, 1328. 
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Colossochelys, iixo. 
ColfotUm, 1377. 
Cotubridmt X146. 
Columha^ IS134. 
Columb€s, Xd34. 
Columbia, 1334. 
ColymboideSt X232. 
Colymbosaurus, 1077. 
Colymbus, 1232. 
Compkothsrium, 1456. 
Compsemys, 1105. 
Compsognatkida^ 1x69. 
Compsognathus, 1169. 
Conchiosaurus, 1072. 
Conckodus, 957. 
Conchopoma, 955. 
Candy uzrthra, 1378, 
Conepatus, 1428. 
Contasaurus, 1139. 
Conodonts, 921. 
Canary ctes, 1453. 
Contracavia, 1413. 
Carax, 946. 
Cordylodan, 1457. 
Cormoranus, 1238. 
Corvidee, 1242. 

Corvus, 1242. 
CoryphcBnidce, 1007. 
Coryphadon, 1386. 
Coryphodontia, 1385. 
Coryphodantidts, 1386. 
CosTnolepis, 978. 
Casmoptychius, 977. 

1345. 

Cattid(B, 1006. 

Cattus, 1006. 

Catumix^ 1234, 
Cotylopidce, 1326, 
Cotylops, 1326. 
Cracidcpj 1233. 
Craspedochelys^ 1096. 
Craspedodon^ 1160, 
Crcissitkerium, 1311, 
CratoBomuSy 1x63. 
Cremastosaurust 1139. 
Creadanfa, 1449. 
Creosaums, 1168. 
Cretomis, 1201. 
Cricetadon, 1418. 
Cricetus, 1418. 
Cricodus, 970. 
Cricasaurus, 1189. 
CricotuSt X027, 1032. 
Cracidura, X457. 
Crocodilamus, 1x84. 
Crocodilian ii8a 
Crocodilida, 1192. 
CrocodiluSt 1195. 
Crocuia, »^2. 
Crossognatkm, 995. 
CroiSophoHsn 975. 
Crossopterygean 968. 
Crossopusn X457. 
CrotalidcBn 11^. 

1 m l^ptodactylidcB'^ 


CrypiobrcmckuSt 1041, 

Cryptodira, iioi. 

Cryptodraco n 1159. 

Cryptomeryxn 1332. 

CrypioprocHn 1440. 

CryptomiSn 1242. 

Cryptosaurus, 1x59. 

Cfypturi, 1231. 

Crypturus, 1232. 

Cicnacantk^s, 968, 

Ctenacodon, 12^. 

Ctenodactylusn 1415. 

Ctenadus, 956. 

Ctenomys, 1415. 

Ctenoptyckius, 930. 

Cumnorian 1159. 

Cuniculus, 1417. 

Cyamodus, 1066. 

Cyatkaspis, 960. 

Cybium, 1007, 

CyclanorhiSn 1117. 

Cyclobatisy 937. 

' Cycloderma, 1117. 

C^clopidius, 1327. 

Cyclopoma, 1013. 

Cycloptychius , 978. 

Cyclastomi, 923, 

Cyclotosaurus , 1036. 

Cyclaturus, 1295. 

Cyclurus, 991, 1001. 

Cycnorkampkus, 1201. 

Cygnus, 1236. 

Cyncelurus, 1447. 

Cynocephalus, 1470. 

Cynachampsa, 1059, 1569. 

Cynodicfis, 1436, 

Cynodon, 1436. 

Cynodoniomys , 1467. 

Cynodraco, 1059, 1569. 
Cynohycenodon, 1452. 

Cynomys, 1420. 

Cynonasua, 1429. 

Cynosuckus, 1059, 1569. 

1435. 

C^rinidce, 1000. 

Cyprinodon, xooo. 

CyprinodontidcE, 1000. 

Cyprinus, 1000. 

CypselidcB, 1242. 

Cypselus, 1242. 

Cyrtonodus, 940. 

Cystignathidm?^ 1044* 

Cystopkora, 1423. 

Cyttxdce, 1007. 

Cyttaides, 1007. 

Dacochelys, iioo. 

Dacosaurus, 1189. 

Dacrytheriumn 1330* 

Dactyletkridcey 1043. 

Dactylodus, 930, 

Dactylolepis, 986, 

Dactylopteridce, 1006. 

Dactylopterus, icx 36 . 

See Corrigenda. 9 ^Xenopodida, See Corrigenda. 



’Index. 


1599 


Dactylosaurus, 1073. 
D(sdtcurus, 1294. 

DcBodon, 1376. 

Damonia, 1108. 
Dapediidm^ 981, 

Dapedius, 982. 
Dapedoglossus, 999, 
Dapheenus, 1435. 
DapHnus, 999. 

Dasornis, 1229. 

Dasyceps, 1034. 
DasypodidcB, 1291. 
Dasypotherium, 1292. 
Dasyprocta, 1414. 
DasyprocHdts, 1414. 
Dasypus, 1292. 

Dasyuridce, 1278. 
Dasyurodon, 1453. 
Dasyurus, 1279. 
Dawsonia, 1024. 
Decticadapis, 1421. 
Decticus, 1418. 
Delpkinapterus, 1307. 
DetphinidcB, 1307. 
Delphinus, 1307. 
Deitatherium, 1453. 
Deltodus, 940. 
Deltoptychius, 940. 
Denarerpetidmy 1032. 
Dendrocygna, 1236. 
Dendrodus, 969, 
Dmdrohyrax^ 1383. 
Dendrolagus, 1286. 
Dendropty chins ^ 971. 
Dcomys, 1418. 

Dercetidcc, 997. 

Dercetis, 997. 
Dermatemydidce , 1106. 
Dermatemys, 1106. 
DermochelyidcB , 1090. 
Dermocheiys, 1091. 
DertnodactyluSy 1201. 
Desmatotherium, 1355. 
Desmotylus, 1310. 
Dcuterosaums, 1061, 1570. 
Diacodexis, 1382. 
Diadectes, 1061. 
Diadectidce, 1061, 1570. 
Diadetognathus, 1037. 
Diadomus, 1290. 
DiadophoruSy 1359. 
Diatremay 1229. 

DibelodoUy 1395. 
DiceniroduSy 928. 
Dicerathtriumy 1368. 
DichohunuSy 1331. 
Dichodoriy 1332. 
DichodoniidcPy 1332. 
DiclitoduSy 941. 

DicloniuSy 1154. 
DiconodoHy 1374. 

Dicotyles, 1322. 

DicotylicUSy 1318. 
DicrenoduSy 928. 
Dicroceros, 1338. 
Dicrocyncdofiy 1277. 


DictyoduSy 1007. 
DictyopygCy 982. 
Dicynodorty 1063. 
Dicynodontiay 1062. 
DicynodonHdcBy 1063. 
Di^lphodoriy 1277. 
DidelphoduSy 1453. 
DidelphopSy 1277. 
DidelphyidcBy 1280. 
Didetphysy 1280. 

DididcBy 1235. 

DiduSy 1235. 

Didymaspisy 961. 
DidymicHs, 1437. 
DidymodoHy 1331. 
DidymoduSy 926. 
Digerrhuniy 1092. 
Dtlohodoriy lyjj. 
Dilophodorty 1356. 
DilotheriuMy 1331. 
Dimetrodofiy 1059. 
Dimorphodotiy 1204. 
DimylidcCy 1457. 

DimyluSy 1457. 
DinichthyidcBy 965. 
DinichthySy 965. 

DtniciiSy 1444. 

DinoceraSy 1388. 
Dinoceratay 1387. 
Dinocyoriy 1434. 

DinodocuSy 1179. 

DinophiSy 1148. 

Dinornisy 1226. 
DinornithidcBy 1226. 
Dinosanriay 1151. 
DwotheriidcCy 1393. 
Dinotheriunty 1393. 
DiohroticuSy 1419. 

Diodotty 1015. 

Diodontidccy 1015. 
Diomediay 1239. 
DiopecephalnSy 1200. 
Dioplotheriumy 13 it. 
Diphrissay 951. 
DtplacanthuSy 966. 
Dtplacodoriy 1374. 
DtplacoduSy 940. 
DtplarthrUy 1312, 1313. 
Dtplobune, 1328. 
Dtplocynodoriy 1195, 1277. 
DtplodocidcBy 1176. 
DtplodocuSy 1176. 

Dtplodusy 926. 
LnflognathuSy 665. 
D%plomystus, 996. 
DtploptemSy 971. 

Dtplopusy 1325. 
DiplospondylidcBy 1027. 
DtplospondyluSy 1027, 1032. 
Dtploveriebrofty 1027. 
DtpluruSy 973. 

Dtpnoiy 952. 

D%podid(By 1416. 

Dtpbides, 1416. 

Dtpriodorty 1268. 

Dipristis, 951. 
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IHfr&todont 12183. 
DtfroiodonHa, 1281. 
£Hfiroiodonii 4 eBt 1283. 
LHf^teridise, 956. 
Dtfterus, 956. 
Dtracodon, 1163. 
JOHscoglossidiE^ ^<^ 3 * 
£HscosauruSf 1031, tojy . 
Dissacus^ 1453- 
Dithyrostemum, 1105. 
£>ocodon^ 1*77* 
JDolichipterus^ i2B33- 
Dolichosauridts, 1142. 
£>olichosaurus, 1142. 
L^lichosoma, 1024. 
JDolickosofnatidcB, Z024. 
DolichoHs^ 1413* 
DoliochasruSf 1321. 
Domnina, 1463. 
Doratorhynchus, 1201. 
Dorcatkerium, 1333. 
Dorycopteri, 991. 
Dorygnathus, 1203. 
Dorypteridts , 991. 
Dorypterus, 991. 
DraceBnosaurus, 1142. 
Dremotherium, 1330. 
Drepanodon, 1449. 
Drepanopkorus , 943. 
Dromtrus, 1228. 
Dromathertidee, itzjs, 
Dromatherium, 1272. 
Dromocyon, 1437, 1453. 
Dronwmis, 1228. 
DryoUstfS, 1.2.76. 
Dryopiihecus, 1470. 
Ductor, loog. 

Dules, 1013. 
Duplicidentata, 1412. 
Dynatobatis, 934. 
Dyscanus, 1154. 

Dysopes, 1462. 
Dystrophasus, 1163. 

Ecaudafa, 1042. 
Echeneis, tooy. 

Echidna, 1148, 1266. 
Eckidnidce, X266. 
Echirfodon, 1148. 
Echinogalc, 1458. 
Echinomys, 1415. 
Echinorkinus , 929. 
Eciacodon, 1387. 
Ectoconus, 1380. 
Ectocynodon, 1056. 
Ectosteorhachis, 972. 
Edaphodon, 951. 
Edhp^scmrus, 1056. 
Edentata, 1289. 
Eipestosaurus, 1x43. 
Edestus, 947. 

Egertonia, X004. 
Elachoceros, 1388. 
Elapkis, 1x46. 

Elapidee, 1x48. 

Elaps, 1148. 


E/asmobrancAei, 923, 
Elasmodectes, 950. 
Elasmodus, 951. 
Elasmognathus, 950, 1354. 
Elastnosaurus, 1077. 
Elasmotturium, 1371. 
Elephantidce , 1394. 

Elephas, 140X. 
Eleutherocercus, 1294. 
Elonichthys,r^7Q. 

Elopides, 996. 

Elopopsis, 996. 

Elops, 996. 

Elorius, 1233. 

Elomis, X238. 

Elotheri^um, 1323. 

Elseya, iioo. 
Emballonuridte, 1462. 
Embolophorus, 1056, 1570. 
Emmenodon, 1395. 
Empedias, 1061, 1062, 1570. 
Empedocles, 1062. 

Empo, 998. 

Emyda, 1117. 

Emydosauria, 1180. 
Emydura, iioo. 

Emys, 1108. 

Enaliockelys , 1103. 
Enaliomis, 1229. 
Enaliosuchus, 1189. 
Enchodontid<B , 997. 
Enchodus, 998. 

Endactis, 989. 

Endothiodon, 1064. 
Endothiodontidce, 1064. 
Engraulis, 995. 

Enhydra, 1427. 

Enhydriodon , 1427. 
Enhydrocyon, 1433. 
Enneodon, 1015, 1277. 
Entelodon, 1323. 
Entomacodon , 1459. 
Entomodon, 1459. 
Entoptychus, 1416. 
Eobasileus, 1388. 

Eohippus, 1356. 

Eomys, 1419. 

Eosaurus, 1037. 

Eospkargis, X090. 

Eotkerium, 131 x. 

J^hippus, X013. 

Efiblema, X415. 
J^icampodon, 1167. 
.^ihippus, 1358. 
J^iscoposaurus, 1184. 
Eporeodon, 1327. 

Equidce, 1359. 

Equula, loio. 

Equus, 1363. 

Eretmosaurus, 1077, 
Erinaceidce, X4S5. 

Erinaceus, X455. 

EriHchihe, 9^. 
Erismatopterus, X014. 
Erithieon, X415. 
Erquelinnesia, XI13, 
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Erycidis, 1147. 
Eryopida, 1029. 
Eryops, 1032. 
Erythromachus, 1233. 
Eryx, 1147. 

Eschatius, 1335. 
Esocidcp, 1000. 

Esox, 1000. 

Esthonyx, 1409. 
Euacanthus, 947. 
EucastoVi 1419. 
Eucercosaunts , 1161. 
Eiicetus, 1305. 
Euchirosaurus, 1031. 
Euclasies, 1113. 
Eucrotaphus, 1327. 
Eugnathidee, 986. 
Eugnathus, 986. 
Eumeces, 1141. 
Eumylodus, 951. 
Eumys, 1418. 
Eupetaurus, 1420. 
Eupodornithes, 1232. 
Eupteromis, 1230. 
Eurhinodelphis, 1307, 
Eurosaurus, 1061. 
Euryapteryx, 1226. 
Eurycarpus, 1064. 
Eurycortnus, 989. 
EurygnathuSt 998. 
Eurylepis, 978. 
Eurynotus, 979. 
Eurypholis, 998. 
Eurysomus, 979. 
EurystemidcB, 1102. 
Eurystemum, 1103. 
Eurytkerium, 1328, 
Euryurus, 1294. 
Euscelesaurus, 1161. 
Euscelidosavrus, 1161. 
EusentiuSt 987. 
Eusmilus, 1449. 
Eusthenopteron, 970. 
Eusuckia, 1185. 
Eutatus, 1292. 
Euthacanthus, 967. 
Eutheria, 1289. 
EuthynotuSt 989. 
Exoccetoides, 1000. 
Exocoetus, 1000. 
Exostinus, 1140. 

Falco, 1240. 

FalconidcB^ 1249. 
FelidcB, 1443. 

Felts, 1447. 
Felsinotherium, 1310. 
1417. 

Fissodus, 929. 
Fistularia, 1005. 
Fistulariida, 1005. 
Francolinus, 1234. 
Fregaiida, 1239. 
Fre^lopus, 1242. 
Frtngillida, 1242. 
FuHca, 1233. 


Fulicaria, 1233. 
Fuligula, 1236. 

Gadidce, 1003. 

Gadus, 1003. 

Galago, 1467, 

Galecynus, 1437. 
Galeocerdo, 946. 
Galeopithecus , 1455. 
Galesauridce, 1058, 1569. 
Galesaurus, 1058, 15^. 
Galethylax, 1453. 
Galictis, 1429. 

Gallines, 1233. 
Gallinula, 1233. 

Gall us, 1234. 
Ganocephala, I02l. 
Ganodus, 951. 

Ganoidei, 958. 
Ganorhynchus, 957. 
Garialis, 1193. 
Garialosuchus, 1193. 
Gastomis, 1228. 
Gastomithes, 1228. 
Gastornithidce, 1228. 
Gastrocnemus , icxv* 
Gaudrya, 1031, 

Gavics, 1232. 

Gazella, 1348, 

Geolabis, 1459. 

Gelocus, 1332. 
Gennetotheria, 1060. 
Geomyidce, 1416. 

Geomys, 1416. 

Geosaurus, 1189. 
Geotrypus, 1458. 
Gerbillvs, 1418. 
Gigantichthys, 999. 
Gi^antosaurus, 1176. 
Ginglymostoma, 943. 
Giraffa, 1343. 

Girajffidcp, 1343. 
Glaridodon, 1061, 1569. 
Globiccphalus, 1307. 
Glossockelys, 1113. 
Glossodus, 930. 
Glyptocephalus, 1015. 
Glyptodon, 1294. 
GlyptodontidcB , 1292. 
Glyptognathus , 1037. 
Glyptolcemus, 972. 
Glyptolepis, 9^. 
Glyptopomus, 972. 
Glypiosauridce, 1140. 
Glyptosaurus, 1141. 
Gnathorhiza, 957. 
Gnathosaurus, 1189. 
Gobiidce, 1006. 

Gobio, 1000. 

Gobius, 1006. 
Gomphotherium, 1334. 
Gonatodus, 978. 
Gondwanosaurus, 1032. 
Gonioglyptus, 1036. 
Goniognathus, 1007. 
GoniopAolididce, 1189. 
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GoniophoHs, 1191. 
Goniopoda, 1151. 
GonorhynchidcB, 999. 
Gonorhynshus, 999. 
Gorgonops, 1059, 1569. 
Goura, 1334. 

Graculavtis^ 1339* 
Graculus, 1338. 
GraphiuruSf 973. 

Grn,id€Bt 1333. 

Grus, 1333. 

Gryphoca^ 142^3 * 
Gry^therium, I398» 1399. 
Gu/o, 1439. 

Gymnodontes t 1015. 
Gymnoptychus, 14TO, 1431. 
Gymnura^ X 456 * 
Gyparchus, 1339. 
Gypsornisy 1333. 
GyracantkuSy 947. 
Gyrodusy 985. 

GyrolepiSy 978. 
Gyropleurt^uSy 943. 
Gyroptychius, 970. 
Gyrosteusy 976. 

MadrianuSy 1x09. 
HadrosauruSy 1153- 
HtEfnatosaurus y 1^2. 
Hainosaurusy 1144. 
JdalcyomiSy 1343. 

Halec, 994, 996. 

HaUcidaSy 994. 

HaliaetuSy 1340. 
Halianassay 13x0. 
HalichceruSy 1423. 
Halicorcy 1309. 
Halicoridce, 1309. 
IfalitheriidcBy 1310. 
Halitherium, 1310. 
HallopuSy 1170. 

PlalodoTiy 1368 . 

JdapaUy 1469. 

Hapalemur, 1466. 

HapalidtBy 1468. 
JFiapalotiSy 1418. 
Haplacodon y 1373, 
HaplocoftuSy 1380. 
Haplodoniotheriumy 1377. 
HaplogaUy 1445. 
Haptodtiiy 1131. 

Hardella, 1107. 
HarpagomiSy 1340. 
Piatteriay 1136. 
ffelagrusy XI46. 

Helaletesy 1355. 

Helemysy Z093. 
ffeliarch^fty X041. 
JdeliasteSy xoou^ 
flelicoceroSy 1347* 
Helicophora, 1347. 

HelioduSy 957. 

Heliscomysy X4Z9> 

Helladotheriufny 1344* 

HelochelySy X093. 
Helodectest 1063, 1570. 


INDEX. 

Helodopsisy 940. 
HeloduSy 039. 
Hemiatickeniay 1335. 
Hemicaulodony 1311. 
Hemichelys y xxoi. 
HemichceruSy 1323. 
Hemielopopsisy 996. 
HemiganuSy 1453. 
HemtlopuSy 986. 
Hemimerysd; X326, 
Memipristisy 946. 
Hempsalodoriy 1452. 
"Hemir^mchuSy 1010. 
Hemis^pHday xooi. 
UemitMP^Sy 1380. 
HefH/^tthprsit^y xczo. 

9 ^. 

H^ptttnchusy 938. 
Heptanema^ 973* 
Heptodoriy 1356. 
He¥odioneSy X238. 
HerpesteSy 1438. 
HerpeiocetuSy 1304. 
Herpetotheriunty 1458. 
HesperomySy 14x8. 
HesperorniSy X224. 
HeteroboruSy 1453. 
Heterobranchus y 1003. 
Heterocetus, 1304. 
Heterohyus, 1456. 
HetrrolepidotuSy 983. 
HeterontySy 14x6. 
Heterostrophus y 982. 
Heterosuchus y 1191. 
Heterotisy 999. 
HexanchuSy 938. 
HexapsephuSy xcx>x. 
Hexodorty X3^. 
HifnantopuSy 1233. 
Hipp>ariony 1360. 
Htppidiumy 136X, 
HtppocampuSy X014. 
HtppodactyluSy X361, 
HtppohyuSy 1321. 
Htppopotamidce y 1316. 
Hippopotamus y 1316. 
Htppotheriunty 1360. 
HippotraguSy 1348. 
Htrundoy 1242. 
HistionotuSy 987. 
Histiopkorusy 1010. 
Holacanthus y 1013. 
Holaspisy 961. 
Holocentrumy lOii. 
Holodusy 957. 
HolofneniscuSy 1335. 
Holophagusy 974. 
HolopSy 1x^3. 
HoloptychtidcBy 968. 
Holoptychius y 968. 
HolosteuSy 1000, 
HoluruSy 978. 
Homacanthus y 968, 
HomaolepiSy ^3. 
HotfUBOsauriay X136. 
Horntgosauridegy *x 136. 
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HonuBosaurus^ 1137. 
Homalodontotherium, 1366. 
Hominidce, 1470. 

Homo, 1470. 

Homocamelus, 1335. 
Homonotus, loii. 

Homopus, 1109. 
Homorophus, 1106. 
Hoplocetus, 1305. 
Hoplophoneus, 1446. 
Hoplophorus, 1293. 
Hoplopleuridce, 997. 
Hoplopteryx, ion. 
Hoplosaurus, 1175. 

Hycsna, 1441. 

Hycenarctus, 1432. 
HycBTiictis, 1441. 

Hycenidco, 1440. 
Hycenocyon, 1433. 
Hycpfiodon, 1450. 
Hycenodontidce, 1450. 
Hybocladodus, 928. 
Hyhodontidce, 940. 

Hybodus, 941. 
Hydaspitherium, 1344. 
Hydraspis, iioo. 
Hydrochcerus, 1414. 
Hydromys, 1417. 
Hydropelta, 10^. 
Hydromis, 1232. 
Hydrosaurus, 1139. 
HylcBobatrachidcB, 1040. 
ifylcBobatrachus, 1040. 
Hylaochampsa, 1191. 
Hylaochelys, 1097. 
Hylososaurus, 1160. 
Hylerpeton, 1024. 

Hylobates, 1470. 

Hylonomus, 1027. 

Hy lop lesion, 1027. 
HyloplesionidcB, 1027. 
Hyoaectes, 1453. 

Hyohippus, 1359. 
Hyomoschus, 1333. 
liyopotamus, 1325, 
Hyopsodontidce, 1465. 
Hyopsodus, 1465. 
Hyotherium, 1321. 
Hypamia, 991. 
Hyperodapedon, 1134. 
Hyperdoaon, 1306. 
Hypertragulus, 1334. 
Hvphasma, 1026. 
Hyporyssus, 1458. , 
Hyposaurus, 1190. 
Hypsicormus, 989. 
liypsilophodon, 1159. 
Hypsifrymnodott , 1286. 
Hypstfrymnopsis, 1270. 
Hypstprymnus, 1286. 
Hypsodon, 998. 

Hyrachyus, 1355. 

Hyracid<B, 1383. 

Hyracodon, 1364. 
Hyracodontotkerium, 1382. 
Hyracoidea, 1382. 


Hyracotherium, 1356, 
Hyrax, 1383. 
HystricidcB, 1415. 
Hystrix, 1415. 

Ibis, 1238. 

Ichthyacanthus, 1032. 
Ichthyodectes, 998. 
Ichthyodorulites, 947. 
Ichthyopsida, 91 1. 
Ichthyopterygia, 1120. 
Ichthyornis , 1231. 
IchthyomithidcB, 1231. 
Ichthyosauridce, 1124. 
Ichthyosaurus, 1124. 
Ichthyotomi, 926. 
Icticyon, 1436. 
Ictitherium, 1439. 
Ictonyx, 1428. 

Ictops, 1459. 

IctopsidcB, 1459. 
Idiocetus, 1304. 
Idiochelys, 1098. 
Iguana, 1140. 
Iguanidce, 1140. 
Iguanodon, 1157. 
Iguanodontidce , 1154. 
immanes, 1226. 
Imogaster, 1005. 
Impennes, 1232. 

Ima, 1306. 

Insectivora, 1454. 
Interatherium, 1377. 
Ischyodus, 950. 
Ischypterus, 982. 
Ischyrocephalus, 998. 
Ischyrodon, 1080. 
IschyromyidcB, 1420. 
Ischyromys, 1420. 
Ischyrosaurus, 1176. 
Ischnacanthus, 967. 
Isectolophus, 1355. 
Isocetus, 1304. 

Isocolum, 989. 

Isopholis, 987. 

Isotcenia, 951. 
Isselosaurus, 1196. 
Issiodoromys, 1413. 
Isticeus, 1000. 

Isurus, 1007. 
Ixacanthus, 1308. 

^culus, 1416. 
Janassa, 929. 

Kachuga, 1107. 
Kurtodon, 12,77, 

Labrax, 1013. 

LabridcB, 1004. 

Labrus, 1004. 
Labyrinthodon, 1037. 
Lafyrinthodontia, 1021. 
Lacerta, 1142. 
Lacertidm, 1142. 
Lactrtiliu, 1138. 



i604 


INDEX. 


Z^genorkynchus ^ 1307. 
JLagomyid€e, 1413. 
Z^gomys, 1413, 
ZMgopus^ 1334* 
ZMgostomus, X414. 
Zjamkdodus^ ^28. 
Z^ambdatheriidiB, 1371. 
Z^ambdotkerium, 1371. 
Zuimna, 944. 

Z^mnidtK, 944. 
Z^ntidtB, 1242. 

Z^nius, T242. 
JUantanotkerium^ 1455. 
ZxLodon, 1276. 

Z^>aophiSt 1148. 
ZLaopitkecus, 1468. 
JLaoptefyjc, X219, 1229. 
Z^aomis, 1229. 
Uzosaurus, 1159. 
Z^aridcB, X232. 
Z.ariosauridce ^ ic> 73 * 
Z^riosaurus^ 1073. 
Zxirus, 1232. 

Z^ates^ 1013. 

Zjztonia, T044, xi. 
Z^bias, 1000. 
Z^cracantkus, 965. 
Z^edsia, 1569. 
Z^edsicktkys, 1569. 
Z^gnonotus, g 8 y, 
L^mmuSt 1417* 
Z^muravuSt 1468, 
Z^muridis, 14^. 
Z^muroid^a, 1464. 
Z^pidocottus, 1007. 
Z^pidolemur^ 146^6, 

Z^pidopus^ XOTO. 

Zepidosireriy 953. 
Z^pidosirenidcR, 953. 
Z^pidasieides^ 988. 
ZjCpidosteoidea^ 980. 
Z^pidostetis^ 988. 
Z^pidotideSt 986. 
Z^pidoiuSt 986. 
Z^poridm^ 1412. 
Z^pospondyli, 1023. 
Z^ptacantktis, 951. 
Z^ptarctus, 1429. 
JLeptauckenia, 1327. 
Z^terpeton^ ^9^5* 
iJptkyana, 144X. 
Z^ptictiijUs^ X459. 
Z^Hctis, 1459. 
Z^ptobos, * 3 ^®' 
Z^ptocepkah, 1002. 
Leptockasrus, 1323. 
Z^tocl€Ldu 5 ^ 1270. 
JLeptodactyluSt 1044. 
i^ptodoi^ 1373- 
Z^ptoUpididiBt 990. 
L^tolepis, 990. 
ZjptomeryXt 1333. 
Z^ptomylus, 951. 
ZxptoptUus, 1238. 


Zixptosoma, 1242. 
ZeptosomaticUe^ 1242. 
Zxpbosomtis, 99$. 
ZJptoirachelus , 997. 
Zxptotragulus t 1334. 
JLxpnts^ 1412. 

Zxstodon, X298, X299. 
Zxstopkis, 1147. 
ZxstomiSt X225. 
Zxstosaurus, X144. 
ZxuctscuSt 1600. 
Ziasis, X147, 

Zibys^ 974* 
Zicaphrium^ I 3 S 9 * 
Zick^a, loxo, 
Zdmitolm^ 1232. 
Zimnatornis^ X242. 
Zimnerpetidm^ 1026. 
Zimnerpeton ^ 1026. 
ZAmnocyon^ I437- 
Zimnokyus^^ 1372. 
ZAmnophis^ ii 47 - 
Zimnotherium^ 1466. 
Z^ifftosa^ X232. 
Ziodesmus^ gSg. 
Ziodon, 1144. 
ZiognathuSf 965. 
Ziopleurodon t 1080. 
Ziotomus, 1268. 
Zissolepis, 978. 
Zistriodon, 1319. 
ZistriodonticUe , 1318. 
Zitkopkis, X147. 
Zithomis, 1239. 
Z^ncJieres, 1415. 
Zophacantkus , 947. 
JLophiochaerus t 1319. 
Z^pkiodon^ i355* 
ZLophiodontid^y i 3 S 4 * 
ZAfpkiomeryx y 1332. 
ZophiostomuSy 987. 
ZAjphiotheriunty 1357. 
ZopkiuruSy 991. 
ZLopkobranckiiy 1014. 
Zopkocetus, 1308. 
ZLophopsittacuSy 1241. 
ZA>xiay X242. 
Zoxolophodon y 1388. 
Zxfxommay 1033. 
ZAfxommattncBy X033. 
ZAfxomyluSy 1415. 
ZutkesauruSy 1079- 
Zutray X427. 
ZutremySy xxo8. 
ZutrictiSy X427. 
Zycaofty X436. 
Zyckyxnay X441. 
Zycorusy 1435. 
ZycosauruSy X058. 
Zysoropkusy 1060. 
Zytoioma, 1113. 

J\ZacacuSy 1469. 
ZifacelloduSy XX39. 


1 Zimm0tk€HMm in text. See Corrij^enda* 



Macellognathus, 1089. 
MackaracanthuSt 947. 
MacharoduSt 1449. 
Machimosaurus , 1187. 
Macrauchenia, 1376. 
Macraucheniida, 1376. 
Macroclemmys, 1105. 
Macromerion , 1035. 
Macromerosaurus, 1073. 
MacroneSf 1002. 
Macropetalichthys , 975. 
Macropodidce, 1285. 
Macropoma^ 974. 
Macropus y 1286. 
Macrorhipis, 989. 
MacrorhynchuSy 1190. 
Macromis, 1230. 
Macrosemiusy 997. 
MacrotheriuMy 1373. 
MacrurosauruSy 1179. 
MalloiuSy 994. 

Mammalia y 1245. 
ManatidcBy 13 ii. 
ManatuSy 1311. 

ManidcPy 1291. 

Manisy 1291. 

Manteodoriy 1387. 

M anuria y iiio. 
Marsupialiay 1272. 
Massospondylusy 1166. 
MastacomySy 1418. 
Mastodon y 139 ^. 
MastodonsaurtdcBy 1035. 
Mastodonsaurusy 1036. 
Mauisaurus, 1077. 
MegaceropSy 1374. 
Megadact^luSy 1166, 1170, 
Megalama y 1142. 
Megalapteryx, 1225. 
MegalichthySy 970, 972. 
Megalobatrachus y 1041. 
Megalochnus, 1299. 
MegalonyXy 1299. 
Megalops, 995. 
Megalomisy 1229. 
Megalosaurida, 1167. 
Megalosaurus, 1167. 
Megaloiherium, 1295. 
Megalotriton, 1041. 
Megalurus, 991. 

Megamvs, 1414. 
Megapleuron, 955. 
Megapodidce, 1233. 
Megaptera, 1303. 
Megastemum, 1092. 
MegadheriidcBy 1295. 
Megatherium, 1295. 
Megistanesy 1127. 
Melanerpeton, 1024. 
Meleagris, 1234. 

1428. 

Melitosaurus, 1193. 
Mellivoray 1428. 
Mellivorodon, 1428. 
Melosauridce, 1029. 
Melosaurus, 1031. 
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MelursuSy 1431. 
Menacodon, 1277. 
Menaspisy ^ 5 . 

Mene, 1007. 
Meniscbessus, 1268, 
MeniscomySy 1421. 
Meniscotheriidcsy 1382. 
Meniscotherium, 1382. 
MenobranchuSy 1041. 
Menodon, 1374. 
MenodontidcBy 1374. 
MenoduSy 1374. 
Menopoma, 1041. 
MenopSy 1374. 
Mephitis, 1428. 
MerguSy iz'yj. 
MerluciuSy 1003. 
Merychippus, 1360. 
Merychyus, 1327. 
Merycochasrus y 1327. 
Merycopotamidcs, 1325. 
Merycopotamus , 1326. 
MesacanthuSy 966. 
Mesembryornis, 1229. 
Mesitia, 944. 
MesocetuSy 1304. 
MesodecteSy 1459. 
Mesodon, 985. 
Mesogaster, 1006. 
MesohtppuSy 1358. 
MesoleptSy 979. 
MesolophoduSy 930. 
Mesonychidce, 1453. 
Mesonyx, 1453. 
Mesoptthecusy 1470. 
Mesoplodon, 1306. 
MesorhinuSy 1376, 
MesomuridcEy 1070. 
Mesosaurusy 1070. 
Mesotaria, 1423. 
Mesotherium, 1378. 
Mesturus, 985. 
Metalophodon y 1386. 
Metamynodon, 1365. 
Metarctusy 1433. 
MetarmosauruSy 1061. 
Metatheria, 1270. 
MetopacanthuSy 951. 
MetopiaSy 1037. 
Metriorhynchus y 1188. 
Metriotkerium, 1329. 
Miacidce, 1437. 

MiaciSy 1437. 
Microbiotherium, 1268. 
Microbrcuhida, 1027. 
Microbrachis, 1027. 
MicrobrachiuSy 963. 
Microcavia, 1413. 
Microchoeridce, 1456. 
Microchaerus, 1456. 
Microconodon, 1273. 
Microdon, 985. 
Microlepidoti, 989. 
Microlestesy 1270. 
Micromeryx, 1338. 
Micronoaus, 978. 
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Micropholis^ 103a. 
Microsauria, 1035. 
Ji ^ icrosyops ^ X4^5* 
Microtherium, 1331* 
Microtus, 1417. 

Milvust 1340. 

Afiack^ust 1453. 
Afiohipjms^ i359- 
Afiolania^ 1x00. 
Afiolaniideet noo, 
Adiokpkus, X409. 
Aftonomis, iaa6. 
AfioplosuSt 1013. 
Afixodectes, 14^. 
Adixosaurus, 1134. 
Afixtotherium, 1339. 
Afochlodofit X160. 

Afol^e^ 1041. 

Afo^ophtdce, 1034. 
Ado^opkis, 1024. 
Adokssus, 1462. 
Adonachus, 1423. 
Afonatherium, 1423. 
Adonocentris, 1011. 
Afonoclonius, 1154. 
Adonocondylia^ 1046. 
Adonodon^ 1307. 
Afonotremata, 1265. 
Aforenia^ 1415* 

AdoropuSt i299» 1373* 
Adorosaurus, 1179. 
Adorotherium, 1299, 1373. 
Adosasaurida, 1143. 
Adosasauxus, X144. 
Adoschus, X342. 
Adouilleutherium^ 1331. 
Adugil^ 1005. 

Adu^lidcB, 1005. 
Adtwiiuherculaia^ 1266. 
Aduretnida^ 1002. 
Aduramosaurus^ X077. 
AditrtdtB, 1416. 

Adus, 14x8. 

AdusophagidiSt 1242. 
Adusteia, 1428. 

AdusteUcUM^ 1426. 


Advcetcst ^469. 
Aiylaguulus, 1415. 
AdyHobcUidiX, 935, 
Aiyliobatis^ 935. 
AdylO€yprinus, 1001. 


Adylodonr 1298. 
Adylognathus, 95 x. 
Adylostomat 957- 
Adyogale, I 4 S 7 ‘ 


Adyolagus, 1413* 
Adyomorpkus, 1299. 
Afyapotamus, 1415. 
Afy^xidix, 1418. 

A^fywxus, 141 8. 
Afyriactmthida, 1568. 
Adyriaeanthiis, 951, 1568. 
Adyriolepis» 978. 
Adyripf^sHst 101 1. 
AfyrmecMus, ia8o. 
Adyrmecopkaga, 1395. 


Adyrmicophagidas, 1395. 
Afymrackne, 1458. 
Afysops, 1430. 
Adystaroceti, 1302. 
Adystriosaurus, 1x87. 
Adyxene^ 933- 
Aiyxochixrus^ 1330* 

Naia, 1148. 

JVaisia, 988. 
IVannosuchubi X191. 
Nanomys, i2<^. 
Naosaurus^ X060. 
JVarboa, X147. 

JVaseus, loxo. 

JVasua^ X429. 
JVecralemur, 1467. 
P/ecromantis , X463. 
IVecropsar, 1243. 
Pdecropsittacus , 1241. 
Necromis^ xa42. 
P/ecfridea^ 1025. 
PJematoptychius^ 978. 
Nemopteryx^ 1003. 
P 7 eophron, 1239. 
Neoplagiaulax t 12^. 
Pdeorhombolepis^ 980. 
Neosodon, 1176. 
Neotoma, X4x8. 
JVephrotus, 986. 
Nesocerodon^ X413. 
Nesocia^ 1418. 

Pdesodon^ X376. 

Nestor y 1241. 
Nestoritherium, X373. 
NeurodromiciuSy 1148, 
Neurogymnurus, X456. 
Neusitcosaurusy X073. 
Nicoriay 1109. 
NimravidcBy 1443. 
NimravuSy X446< 
Nodosaurus, 1164. 
Notteus, 991. 

NotagoguSy 987. 
Not^phaSy 1408. 
Notharctusy X466. 
NothosauridfBy XO71. 
NothosauruSy 1072, X570. 
Nothropus, 1300. 
Nothrotheriuniy 1299. 
Nothura, X232. 
Notidanidce, 938, 
NoHdanus, 938. 
NoHosauruSy 1142. 
Notocheloney xxi3. 
NotochelySy XI13. 
Notogoneus, 999. 
Notomis, 1233* 
Notosaurus, Z139. 
Nototheriid<Xy X282. 
Nototkeriunty 1282. 
Numeniusy X23a. 
Nummopalatusy 1004, 
NntheteSy 1x48. 

Nycieay 1341. 

NycHeebus^ 1464. 



INDEX. 


1607 


Nycticorax, 1238. 
Ivyctilestes, 1461. 
Iwyctitkerium, 1461. 
Nyctodactylus, 1199. 
Nyrania, 1032. 
JNyraniidce, 1032. 
Nyroca, 1237. 
Nyiketes, 1148.’ 
NythosauruSy 1058. 


Ocadia, 1108, 1570. 
Ociodon, 1415. 
Octodontidce, 1415. 
Octotomus, 1388. 
Ocydromus, 1233. 
Odontaspis, 945. 
Odonteus, 1004. 
Odontoceti, 1305. 
OdontoglosscB, 1237. 
OdontoLcce, 1224. 
Odontopteryges, 1236. 
Odontopteryx , 1236. 
Odoniormce, 1231. 
Odontomithes, 1231, 
CEnoscopus, 989. 
CEstocephaltis, 1026. 
OgmophiSy H47. 
Oli^obunis, 1433. 
Ohgopleurus, 989. 
Oltinotherium, 1323. 
Omegodon, 1419. 
Omomys, 1467. 
Omosaurus, 1162. 
Omphcclodus, 986. 
Onckus, 947. 

Oncobatis, 934. 
Ofiychodectes, 1453. 
Onychodus, 968. 
Ophichthys, 1002. 
Ophiderpeton, 1024. 
Ophidia, 1146. 
Ophiocepkalidce, 1005. 
Ophiocephalus, 1005. 
Ophiopsis, 987. 
Ophisaurus, 1140. 
Opisthopteryx^ 994. 
Oplosaurus, 1175. 
Opsigonus, 991. 
OptfmlmosauruSy 1127. 
Oracanthus, 947, 1296. 
Orca, 1307. 

Orcynus, 1007. 

Oreas, 1348. 

Oreodorty 1326. 
OreodontidcBy 1326. 
OreoduSy 940. 
OreopithecuSy 147CX 
OreosauruSy 1141. 
Orinosattrusy 1161. 
Ornitkischia, 1151. 
OrnithocephaluSy 1200. 
Ornithochirusy 1201. 
OmithodtsmuSy 1204. 
Omithopoday 1152. 
Omiihopsisy 1175. 
OmitkopteruSy 1204. 
VOL. IL 


OmithorhynchidcBy 1265. 
Omithorhynchusy 1265. 
Omithosauria, 1196. 
Omitkostonuiy 1199. 
Orodmtid(By 940. 

Orodus, 940. 

OrohippuSy 1356. 

Orophosaurusy 1082. 

Orosaurus, n6i. 

OrthacanthuSy 926. 

OrthacoduSy 945. 

Orthagoriscus, 1015. 
OrthaspidotheriuMy 1288, 1457. 
Orihocostay 1027. 

Orthocynodon, 1365. 
^OrthomeruSy 1154. 

OrthomySy 1415. 

Orthopoday 1151. 

Orthopus y 1061. 

Orycterocetusy 1308. 
OrycteropodidcBy 1290. 
OrycteropuSy 1290. 

Oryx, 1348. 

OsmeroideSy 994. 

OsmeruSy 994. 

OsteoglossidcFy 999, 

OsteoglossuMy 999. 
OsteoUpididcBy 971, 

Osteolepis, 971. 

Osteophorus, 1031. 

Osteopygisy 1113. 

Ostracion, 1015. 

Otaria, 1424. 

Otariid<s, 1424. 

OtididWy 1233. 

OtiSy 1233. 

Otocyofty 1436. 

Otodusy 944. 

Oudenodon, 1064. 

Ovihosy 1350. 

OviSy 1350. 

Oweniay 1283. 

Oweniasuchus, 1191. 

Oxacrioity 1331. 

Oxhycena, 1451. 
Oxydondoihertumy 1376. 
Oxyglossus, 1044. 

OxygnathuSy 978. 

Oxyrhina, 944. 

Pachy acanthus, 1311. 
Pachycormidos^ 989. 
PachycormuSy 989. 
Pachycynodon, 1436. 
PachynolophuSy 1356. 
Pachypleura, 1073. 
Pachyrhizodontidm, 998, 
Pachyrhizodus, 998, 

Pachyrucusy 1378. 

PaciculuSy 1418. 

PagelluSy 1012. 

PalcedaphuSy 957. 

PalcBeudypte^y 1232. 
PalcehoplophoruSy 1294. 
PalcBloduSy 1237, 

PalcBobalistum, 984, 

2 Z 
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PaliBohatis^ 9^^- 
P€LltBobatrachtcUe^ X043, xi. 
Palmobatrachus ^ X043. 
Pal^Bocastoi^^ 1420. 
PalcBocetusy X303. 
PcUceochelys t ii<^, 1570. 
Pakeockmrus^ 1321. 
Palcsocicania^ 1238. 
Pal4seocircus ^ 1240. 
PalcBocyon^ X436. 
PaUeoerinaceus t 1456. 
PalcBogcLdus^ 1003. 
Pahsogale, 1428. 
Palceogrus^ 15*33. 
Palasohatteria, 1132. 
Pal<€ohatteri%d<s , 1132. 
PaltBohierax ^ 124CX 
PaleeolaguSt 14x2. 
Palieolemnr^ 1466. 
Palapotnanis^ 1291. 
Pal/eomedusa^ 1103. 
Palmomephitis^ 1428, 
PalcBomeryx^ X338- 
PalcBonictis ^ X 4 S 3 * 
Pal(SoniscidcBt 976. 
Pal^oniscuSy 977. 
Paltxonycteris , 1461. 
PalcBoperdix , 1234. 
Palceopkidcs ^ IX47‘ 
PalieophiSt 1147. 
PaUeophoca^ X423. 
PalcBophrynus , 1044. 
Pal€sopontoporia ^ 1306, 
Palceoprionodon , 1439. 
PalcBopythofiy 1x47. 
Palmoreas^ X34B. 
Pal<BOTkynchidcB^ 1010. 
Paleeorhynchus, 101 o. 
Pakeomis, X20i, 1241, 
Palieornithidce ^ 1241. 
PaloBortyx^ X234. 
Pal€Boryx, X348. 
Pal€BOsaurus, 1167. 
Palmoscp Ilium ^ 943. 
PaUBOstren^ 1024. 
Palaospalax, 1457. 
Pahxospinax^ 943 * 
PaltBOspiza^ 1242. 
Palmosyops^ 137a. 
PaUsotapirus^ X 354 ' 
PaleeotheriidtB , 1357- 
Paleteotheriumt 1357. 
PaliBotheutes t 1268. 
Paltsalragus, 1349* 
Palceotringa, 1229.' 
Pale&yvaranuSy 1 140 * 
Palamedem^ X 237 - 
P^ilapieiiygidce ^ 1226. 
Palapteryx^ 12*26. 
Palauchenia, 1335, 
Paleryxt 1147- 
PalAyofftat 1441. 
Palimphyes, 1007. 
PalcpJoiherium^ I 3 S 7 * 
P^tl&rchesteSt 1287. 
PandioTit 1240. 
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Pangshura, 1107, 
PanochthuSt 1294. 
PanolaXt 1412. 
Pantodontay 1385. 
Pantolantbday 1385. 
PaniolambdidcPy 1385. 
PantolesteSy 13x5. 
PantyluSy 1056. 
PappichthySy 991. 
Parachelyid-fB , 1097, 
ParachelySy 1097. 
ParadoxuruSy 1438. 
ParahippuSy 1359. 
ParahyuSy 1323. 
ParalepiSy xooi. 
ParamySy 1420. 
Paraperca, 1013. 
ParascopeluSy ic»i. 
ParasoreXy 1455. 
Parasuchitty 1183. 
ParasuchideBy 1184. 
Parasuchus, X184. 
Paratheria, 1289. 
ParexuSy 967. 
Pariasauria y 1055. 
Pariasau 7 ‘id<B y 1055. 
PariasauruSy 1055. 
PariotichidtB y 1056. 
Pariotichus y 1056. 
Passer y 1242. 

PassereSy 1242. 
PatriqfeliSy 1453* 
Pediomys, 1277, 
Pelagorhynchus y 997. 
PelagorniSy 1239. 
PelagosauruSy 1187. 
Pelamys, 1007. 
PelecanidcSy 1239. 
PelecanuSy 1239. 
Pelecopterus y 997. 
Peliotiy 1024. 
Pellegriniay 1415. 
PelooateSy 1043. 
PelobatideSy 1043. 
Pelobatochelys y 1103. 
PelomedusidcBy 1099. 
PelonaXy 1323. 
PeloneusteSy 1080. 
PelophiluSy 1043. 
PelorosauruSy 1175. 
PeltochelySy 1105. 
PeltopUuruSy 987. 
PeltosauruSy Z140. 
PelycoduSy 1465. 
Pelycosauria, 1057. 
Pep lor kina y 969. 
PeragaUy 12*^. 
Peralestesy 1277. 
Peramelesy X28io. 
PeramelideSy 1280. 
PeramuSy 1276. 
PeraspalaXy 1276. 
Peralheriunty X28z, 
Perea, 1013. 
Perchmrusy 1323. 
Perctdee, 1013. 
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Periops, 1146. 
PeriptychidcB, 1379. 
Penftychus, 1379. 
Perissodactyla, 1353. 
Petalodontidee, 929. 
Petalodus, 930. 
Petalorkynchus, 929. 
Petrogale, 1287. 
Petromyzon, 923. 
Petrophryne, 1032. 
Petrosuckus, 1190. 
Pezophaps, 1235. 
Phacochasrid(E, 1318. 
Phacochosrus^ 1320. 
PJuBmcopteridcB, 1237. 
Pkcenicopterus , 1237. 
Phalacrocoracidce , 1238, 
Phalacrocorax, 1238. 
Phalangeridcp, 1284. 
Phaneroglossa, 1043. 
Phaneromeryx, 1333. 
PhaneropleuridcSt 955. 
Phaneropleuron, 955. 
Phanerosaurus, 1062. 
Phanerosteon, 978. 
PharyngodopihdeSy 10x54. 
Pharyngodopilus , 1004. 
Pharyngognathi, 1004. 
Phascolarctus, 1284. 
Phascolestes, 1276. 
Phascolomyid(B , 1282. 
Phascolomys, 1282. 
Phascolonus, 1282. 
Pkascolotherium, 1274. 
PhasianidcB, 1234. 
Phasidmts, 1234. 
PhenacodontidfB, 1380. 
Phenacodvs, 1380. 
Phloramys, 1415. 

Phoca, 1423. 

Phocanella, 1423. 
Phocasaurus, 1057. 
Phocidcc, 1423 ♦ 
Phoderacanthus, 965. 
Phasbodust 938. 
PhoznicopteridcB, 1237, 
Phosnicoptencs, 1237. 
Pholidopkorus, 987. 
PholidopleuruSy 987. 
Pholidosaurus, 1190. 
PhoUdurus, <^76. 
Pkylactocephalus, 998. 
Phyllodus, icx>4. 
Phyllolepis, 969. 
Phyllomys, 1415. 
Pkyllorhina, 1461. 
Phyllostoma, 1463. 
Pkyllostomatida, 1462. 
Physeter, 1305. 
Physeteridcp, 1305. 
Physeterula, 1305. 
Physztodon, 1305. 

PhysiSt 1003. 

Phys&don, 1305. 


Physostomi, 993. 
Phytosauria, 1183. 
Phytosauridce, 1183. 
Phytosayrus, 1183. 
PicaricB, 1242. 

PicidcBt 1242. 

Picys, 1242, 

Pilemophis, 1146. 
Pimelodus, 1002. 
Pinnipedia, 1422. 
Pipida, 1043. 
Ptptomerus, 1082. 

Pisces, 91 1. 

Pistosaurus, 1072. 
Pithanotomys, 1415. 
Pithecistes, 1327. 
Placodermata, 962. 
Placodontia, 1(565. 
Placodus, 1066. 
Placosauridce, 1140. 
Placosaurus, 1140. 
Plagiaztlacidce, 1267. 
Plagiaulax, 1267. 
Plagiolophus, 1357. 
Plastomenus, 1118. 
Plastremys, 1098. 
Platal€id(s, 1238. 

Platan is ta, 13^. 
PlatanistidcE, 13(56. 
Platax, 10(59. 

Platemys, iioo. 
Plateosaurus, 1167. 
Plaiinx, 995. 
Platycarpus, 1143. 
Plaiyceps, 1033. 
Platycercomys, 1416. 
Platychelys, 1093. 
Platychceropidce, 1409. 
Platychmrops, 1409, 1453. 
Platycormus, 1013. 
Platygnathus, 969. 
Platygonus, 1323. 
PlatylcBmus, 1005. 
Platyonyx, 1296. 
Platyoposaurus, xi. 
Platyops, 1035. 
Plafyphoca, 1423. 
Plaiypodosaurus, 1064. 
Platyprosopus, 1338. 
Platyrhachis, 1139. 
Platysiagum, 987. 
Platysomidm,'^ 979. 
Platysomus, 980. 
Platysternidce, iio6. 
Platyspemum, ii<56. 
Plectognathi, 1014* 
Plegothonidm, 1024. 
Plegathontia, 1024. 
Plesiadapis, 1467. 
Plesiarctomys, 1420. 
PksicHs, 1439. 
Plesidacrytk^um, 1330. 
Plesiocetopsis, 1303. 
PUsiocetus, 1303. 
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FUitoch^Mda, 1096. 
FUsi&cAefysy xog6, 

PUsiogaUt X4S1&. 

PUsionuryx, 1331. 
Plesiosaurida, 1074. 
Plesiosaurus^ ^075- 
Plesiosorex, 1458. 
Plesiospermophilus, 1431. 
PlesHodoft, 1041. 
Pleuracanthidce^ 926. 
Pleuracanthus^ 9^. 
Pleuraspidolherium, 1288, 1457. 
PleurocxluSt 1179. 

Pleurodira, 1094. 

Pleurodus^ 939, 1066. 
Pleurole^is, 983. 

Pleuroltckus, 1416. 

Pleuronec tides, 1003. 
Pleuronura, 1033. 

Pleuropholis, 987. 

Pleuroplax, 939. 

Pleurosauridee, 1137. 
Pleurosaurus, 1137. 
PleurostemideE, 1092. 
Pleurostemunt, 1092. 
Pliauchenia, 1335. 
Plinthophorus, 997. 

Pliohippus, 1361, 

Pliolop^us, 1356. 

Plionentus, 1009. 

Plioparchus, 1014. 

Pliopithecus, 1470. 

P lioplaty carpi dcs, 1x43. 
Plioplatycarpus, 1143. 
Plioprion, 1267. 

Pliosaurus , 1080. 

Plotidcs, 1238. 

P lotus, 1238. 

Pneumatosteus, 988. 
Pnigeacanthus , ^5. 
Poaocnemis, iioo. 

Podocys, 1013. 

Poibrotheriidcs, 1334. 
Poibrotherium, 1334. 

Pasctlia, 1000. 

Pxcilodus, 940. 

Pogonodon, 1446. 

Pedacantkus, 1161. 

Polycotylus, 1077. 
Polymastodon, Z269. 
Polymastodontidee, 1269. 
Poiyodon, 975. 

Polyonax, 1163, 

Polyplocodus, 

Polypratodontia, 

Polypteridee, 974. ‘ 

Polypterus, 974. 

Polyptwhe^on, 1079* 
PolyrkTzodus, 930. 

Poly thorax, Z093. 

Pomacanfhus, Z013. 
Pomacentridas, XO04. 
Pomo^athus, 998* 

PonHstes, 1306. 

Pontoporia, 1306. 

Porphyrio, X233, 
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Poriheus, 998, 
Potamarehus, 1414, 
Potamockmrus, 1319. 
Potamotkerium, 1427. 
Potorous, 1286. 
Priacodon, 1277. 
Primates, 1463. 
Priodontognathus, 1161. 
Prionodon, 1438. 
Prionodus,09zx, 
Priscacara, 1004. 
Priscodelphinus, 1308. 
PristidcB, 931. 
Pristigenys, loii. 
Pristtopkoridee, 931. 
Pristiophorus, 931. 
Pristipoma, 1014. 
Pristipomatidee, 1014. 
Pristts, 931. 

Pristiurus, 944. 
Pristodontidcs, 930, 
Pristodus, 930. 
Proaslurus, 1444. 
Probatrachus, 1043. 
Proboscidea , 1390. 
Probubalus, 1350. 
Procamelus, 1334. 
Procardiatherium, 1414. 
Procellariidcs , 1232, 
Procolophon, 1065. 
Procolopkonia, 1^5. 
ProcolophonidcB , 1065. 
Procoptodon, 1287. 
Procynictis, 1288. 
Procyon, 1429. 
Procyonidee, 1429. 
Prodidelphia, 1273. 
Prodremotherium, 1333. 
Proechidna, 1266. 
Proganochelyidee , 1096. 
Proganochelys, 1096. 
Proganosauria, xorjx. 
Prognathodus, 951. 
Progoura, 1234. 
Prohalecites, 987. 
Prohalicore, 1309. 
Prohyesna, 1433. 
Promephitis, 1428. 
Prominatherium, X324. 
Propalcsotherium, 1357. 
Propappus, 1056. 
Prophoca, 1423. 
Propithecus, 1466. 
Propleura, 1113. 
Propristis, 931. 
Propseudopus, 1x40. 
Propterus, 987. 
Prorastomus, 1310, 
Protacanthodes, 1015. 
Protagrus, XZ47. 
Protalpa, 1458. 
Protantia, ^i, 
Protapirus, 1356, 
Protauchenia, 1335. 
Protautaga, 1004. 
Proteehinomys, 14x6* 
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Proteid<B, 1041, 

Protelopist 996. 
Proterosauria^ 1130. 
Proierosaurus, 1130. 
Proterotkeriidas, 1359. 
Proierotheriuniy 13291 I3S9« 
Proteus, 1041. 
Prothyracodon, 1355. 
Protohalistum, 1015. 
Protochelys, 1094. 
Protodonta, 1272, 
Protogonia, 1382. 
Protohippus, 1360. 
Protolabis, 1334. 
Protomeryx, 1333. 
Protopelobates, 1043. 
Protophrynus, 1044. 
Protopirata, 948. 
Protopithecus, 1469. 
Protopsalis, 1452. 
Protopterus, 953. 
Protoreodon, 1328. 
Protornis, 1242. 
Protosphargis, 1089. 
Protosphyf'cena, 996. 
ProiosphyrcenidcE , 996. 
Protostega, 1089, 1570. 
Protostegidcc, 1089. 
Prototheria, 1263. 
Protoxodon, 1377. 
Protragelaphus, 1348. 
Protragoceros, 1348. 
Protriton, 1023. 
Protritonid{B, 1023. 
Protopelobates, 1043. 
Protypotherium, 1378. 
Proviverra, 1452. 
Proviverridce, 1452. 
Psammochelys, 10^. 
PsammodontidcB, 934. 
Psammodus, 934. 
Psephoderma, 1089, 1570. 
Psephodus, 934. 
Psepkophorus, 1091. 
Psephurus, 975. 
Pseudeelurus, 1445. 
Pseudamphicyon, 1434. 
Pseudoberpx, loii. 
Pseudocktrus, 1285. 
Pseudocyon, 1433. 
Pseudoeliginus, 1007. 
Pseudolestodon, 1298. 
Pseudopterodo/i, 1451. 
Pseudopus, 1140. 

Pseudorca, 1307. 
Pseudorhino tophus, 1461. 
Pseudosciurus, 1421. 
Pseudotomus, 1420. 
Pseudotrion^x, 1105. 
Pseudoiropius, 1002. 
Pseudovomer, 1008. 

Psittaci, 1241. 

PsittacidoB, 1241. 
Psittacotherium, 1409. 
Psittacus, t24i. 

Ptenodraco, 1200. 
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Ptenornis, 1230. 
Pteranodon, 1199. 
Pteranodontia, 1198. 
PteranodontidcB, 1199. 
PteraspididcB , 960. 
Pteraspis, 960. 
Pierichthys, 962. 
Pterocles, 1234. 
Pteroclidce, 1234. 
Pterodactylidce, 1199. 
Pterodactylus, 1200. 
Pterodon, 1451. 
Pteroplax, 1037. 
Pieropodida, 1460. 
Pterosauria, 1199. 
Pterycollasaurus, 1145. 
Pterygocephalus , 1006. 
Pterygopterus, 987. 
Ptilodus, 1267. 

Ptyas, 1146. 

Ptychodus, 936. 
Ptychogaster, 1109. 
piychognathus, 1(^3. 
Ptycholepis, 987. 
Ptychosiagum, 1063. 
Ptyciodus, 952. 
Ptyoniidce, 1025. 
Ptyonius, 1026. 
Ptyonodus, 957. 
Puffinus, 1232. 
Pugmeodon, 1310. 
Puppigerus, 1113. 
Putorzus, 1428. 
PycnodontidcB , 983. 
Pycnodus, 984. 
Pycnosterinx , 1005. 
Pygceus, J014. 
Pygopodes, 1232. 
Pygopterus, 978. 
Python, 1147. 
Pythonidce, 1146. 
Pythonomorpha, 1143. 
Pyxis, 1109. 

Quercitherium, 1453- 

Paia, 933. 

Raiidw, 933. 

Rallidce, 1233. 

Rallus, 1233. 

Rana, 1044. 

Ranavus, 1044. 
Rangifer, 1341. 
Ranidce, 1044. 
Raphiosaurus, 1139. 
Ratitm, 1222. 
Regnosaurus, n6i. 
Remiomis, 1230. 
RepHlia, 1046. 
Rhabdolepis, 977. 
Rhabdosteus, 1308. 
Rhacheosaurus, 1189. 
Rhacolepis, 996. 
Rhadinacanthus, 976, 
Rhadinichthys, 978. 
Rhagatherium, 1330. 
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RhamphocefhalttSt 1:^3. 
JRham^uirkynchidat^ istox. 
Rketmf^rhynchus^ Xaos. 
Rhamphosuekust 1193. 
Rkampkosus^ 1005. 

Rkea, xa&8« 

Rhem, zaaS. 

Rhetdiss^ xamB. 

RAina^ 931. 

RkinecLstes, 1002. 
Rhinellus^ 995, 
RhinobatidiS^ 933* 
RhinobatuSy 933 - 
Rhinoceros, 1366* 
RkinoceroHdce, 1364. 
Rhinochelys, X098. 
Rhinognathus, 945. 
Rhinolopkidce, 1461. 
Rhinolophus, 146X. 
Rhinoptera, 936. 
Rhinosaurus, 1033, X144. 
Rhiptoglossa, xi42. 
Rhtzodontidce, 969. 
Rhizodopsis, 971. 
Rhizod-us, 970, 

Rhizomys, 1416. 
Rhizoprion, X307, 
Rhodeus, 1000. 
Rhomaleosaurus, 1079. 
Rhombodipteridoi, 971. 
Rkombop^chius, 971. 
Rhombus, 1004, 
Rhopalodon, 1061. 

Rhyne hocephalia, 1131. 
Rhynchodes, 952. 
Rhynchodantidee^ 987. 
Rhynchorkinus, X002. 
Rhynchosauridis, 1x34. 
Rhynchosaurus, 1135. 
Rhynckotus, 1232. 
Rhytidosteus, X032. 
Rhytina, 131X, 
Rhytinidee, 1311. 
Rhytiodus, 1311. 

Ritbodopt, 1356. 

Ricftodon, 1027, 

Riia, 1002. 

Rodentia, 1411. 
Rupicapra, 1348. 

Saiga, 1347. 

Saiamandra, X04X. 
Salamandridce, X04Z. 
SalmouidcB, 994. 
Samothimrium, 1345- 
Sandalodus, 939* ^ 

iSanitherium, 132X. 
Saniva, ZZ4Z, 
Sapheosaibhus, XX37. 
Sarcophilus, X279. 
Sarcothraustes, 1453. 
Sardinius, 994. 
Sardinoides, 994. * 
Sargodon, 9^, 

Sargus, loxa. 

SauranodoKt Iia7* 


Saurickihys, 988. 
SauridcB, 981. 

SauriUus, 1139. 
Saurischia, Z15Z. 
Saurocephalidce, 998* 
Saurocephalus, 9^. 
Saurvdon, 999. 
SaurodonticUe, 986, 998. 
Sauropleura, 1026. 
Sauropoda, ^xyo. 
Sauropsidee, X046. 
Sauropsis, 989. 
Sauropterygia, 1067. 
Saurorkamphus, 9^. 
Saurostemum, X137. 
Saururee, 122X. 

Saurus, xoox. 
Scaldicetus, 1305. 
Scalibrinitherium, 1376. 
Scaloposaurus, 1059. 
Scapanorhynchus, 945. 
Scaphaspis, 960. 
Scaphirhynchus, 975. 
Scaphognathus, 1202. 
Scaptophis, 1147. 
Scatophagus, 1013. 
Scelidosauridce, 1160. 
Scelidosaurus, zi6o. 
Scelidotherium, 1296. 
Scepamodon, 1282. 
Schistopleurum, 1294. 
Schizodelphis , 1306. 
Scicenurus, 1014. 
Scincidee, 1142. 

Scincus, X142. 
Sciuravus, 1420. 
Sciuridee, 1420. 
Sciurodon, 1421. 
Sciuroides, 1421. 
Sciuromys, 1420. 
Sciurus, 1421. 
Sclerodet^ni, 1015. 
Sclerorhynchus, 931. 
Scolopacidis, 1232. 
Scolopax, 1233. 

Scofftber, 1007. 
Scomberodon, 1007. 
ScombresocidcB, 1000. 
Scombridee, 1007. 
Scombroclupea, 995. 
ScopelidcB, xoox. 
Scorpeena, 10x2, 
Scorpesnidee, 1012. 
Scylliid<B, 943. 
ScylUodus, 943* 
ScylHum, 943. 

Scymnus, 929. 
Scytalophis, X147. 

See ley a, 1027. 

Selacke, 946. 

Selachei, 928. 
Semionoius, 98X. 
Semiophorus, 1008. 
Semnopithecus, X470. 
SerpentariidcB, 1239. 
Serpeniarius, X239. 
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Serranus, 1013. 
Sieboldia, 1041. 
Sigmodus^ 969. 
SuuridcB, 1001* 
Simmdosauria^ ii33* 
Simadosaurus, 1133. 
Simia, 1470. 

Simiida, 1470. 
Simocyon, 1433. 
Simosaurus, 1072, 
Simplicidentata, 1413. 
Siphneus, 1417, 
Stfhonostoma, 1014. 
Stredon, 1041. 

Siren, 1041. 

Sirenia, 1308. 
Sirenidcs, 1041. 
Sironectes, 1144. 

Sitta, 1242. 

SittidcB, 1242. 
Sivatherium, 1344. 
Smerdis, 1013. 
Smilerpeton, 1027. 
Smiloaon, 1449. 
Sminthus, 1418. 

Solea, 1004. 
Solenacodon, 1268, 
Solenognathus, 1005. 
Solenorhynchus, 1014. 
Solenostoma , 1014. 
SolenostomaiidcB, 1014. 
Sorex, 1457. 

Soruidce, I4S7* 
Soricidens, 1013. 
^alacidce, 1416. 
^alacodon, 1281, 
Spalacotheriidcs, 1277. 
Spalacotherium, 1277. 
Spaniodon, 995. 
Spaniotherium, 1331. 
SparidcB, 1012. 
Sparnodus, 1012. 
Sparodus, 1024. 
Spathobatis, 933. 
Spatula, 1237. 
Speothos, 1436. 
Spermophilus , 1420. 
Sphasrodontidce, 986. 
Sphmrodus, 986, 1012. 
^hesrolepis, 978. 
^hagebranchus, 1002. 
Sphageofaa, 951, 
Sphargts, 1091. 
^henacanthus, 941. 
Sphenocephalus, loii. 
Sphenodon, 1136. 
Sphenodontidce, 1136. 
Sphenodontina, 1134. 
Sphenodus, 945. 
SphenoUpis, 1000. 
Sphmosaurus, 1031. 
^henospondylus, 1156. 
Sphyr(Bna, 1006, 
^hyreenidee, 1006. 
Sphyranodus, 1007 
Sphyma, 946* 


Sjinacidee, 929. 

• 929* 

S losaurus, io8o. 
ion, 1306. 

SqualodontidcB, 1306. 
Sgualorqia, 950. 
Squaloraiidce, 950. 
Squamata, 1137. 
Squamipennes, 1013. 
Squatina, 931. 
Squatinidce, 930. 
Stagonolepis, 1184. 
Staurotypus, 1106. 
Stegocephala, 1021. 
Stegochelys, 1098. 
Stegodon, 1395. 
Steganopodes, 1238. 
Stegosauridce , 1161. 
Stegosaurus, 1161. 
Stemmatodus, 985. 
Steneofiber, 1420. 
Steneosaurus, 1187. 
Sieno, 1308. 

StenogaJe, 1445. 
Stenopelix, 1164. 
Stenoplesictis, 1439. 
Stenostoma, 1012. 
Stenotephanus, 1378. 
Stephanodus, 1012. 
Stereoceros, 1371. 
Siereognathus, 1269. 
Stereorhachis , 1060. 
Stereospondyli , 1027. 
Stereosternum, 1070. 
Sternothcerus, 1095. 
Sthenurus, 1287. 
Stichacanthus , 965. 
Stratodus, 998. 
Streblodus, 940. 
Strepsiceros, 1348. 
Strepsodus, 971. 
Striges, 1240. 
Strigida>, 1241. 
Strigilina, 929. 
Stringopidce, 1241. 
Strix, 1241. 
Strobilodus, 989, 
Strophodus, 943. 
Siruthio, 1228. 
Struthiolitkus, 1228. 
Struthiones, 1228. 
StruthionideB, 1228. 
Siruthiosaurus, 1163. 
Stylacodon, 1276. 
Stylemys, 1097, 1109. 
Stylinodon, 1410. 
Stvlinodontidis, 1410. 
Stylodon, 1276. 
Stylodontidee, 981. 
Stypolopkus, 1452. 
Stumidce, 1242. 
Suhungulata, 1312. 
Suchosaurus, 1190. 
Suidm, 1318. 

Sula, 1239. 

Sus, 1319. 
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Syll0mus, 1005* 

Syliofhodus^ 14x6. 
^mhorodtm^ < 374 - 
Synatkeres^ <415* 
SynechodttSt 943* 
Syngnathidm^ mx4» 

10x4. 

Sy^g&nasaurm, 1161. 
Systemodon, 1356. 

Tep/tzura^ 937. 

Taligrada^ 13^5. 

Tal^, 1457. 

Tal^yus^ 1458. 

XatpidUz, 1457. 

Tamanduay 1295. 

TamiaSt 1421. 
Xanttvhasaurusy 1144. 
TanystrophcBuSy 1170. 
TapkozouSy 1462. 
TapkrosphySy 1099. 
TapinocephalidcBt 1057. 
TapinocephaluSy 1569* 

Tapirid€By i 354 * ^ 

Tapir otheriutriy 1319. 
Tapirulus, 1330. 

Tapirusy 1354. 

Tarrasiidee, 968. 

TarrasiuSy 9^. 

TatusiUy 1292. 
Taurimchthys,^ 1004. 
Taxeopoday 1378. 
TaxotheHumy 1451. 
Tectosppndyli, 928. 

Teiidcey 1142. 

Teleidosaurus , 1187 
TeleosauridcBy 1186. 
Teleosaurusy 1187. 

TeUosteiy 992. 

Teleostofnty 902. 

TelepholiSy 1001, 

Telerpetidce, 1137. 
TeUrpet&Hy 1137. 
Telmain^lesteSy 1466. 
Telfna^misy 1229. 
TembotheriunZy 1377. 
TemnocyoHy 1436. 
TemnodontosauruSy xi. 
Temnospondyliy 1027. 
TeracuSy 1240. 
Teraiosaurusy 1167, 
Testudinaiay X091. 
Tesfudinidasy 1107. 

Testudoy 1109. 

Tetrabeladofty 1395- 
TpiraceroSy 1347* 
^Tetraconodofiy 1323. 
Tefracusy 1457* 
Tetragonc^tSy 983. 

TetraOy 1234. 

TetraonidiBy X234. 
TTetrapiuruSy zoxo. 
Tetraselenodon, 1330. 
Tetrastyliis, 14x5. 


Tetrodofty 10x5. 

Tetrosphysy 1308. 
ThalassentySy 1103. 
Thalassictis y X439. 
Thalassochelysy 1114. 
ThamnophiSy T146. 
TkaumaSy 931. 
TkaumatacanthuSy 947. 
ThaumatosauruSy 1079. 
Thecackampspiy 1194. 
TkecodoniosdUruSy 1166. 
ThecophorUy 1091. 
TkecospondyluSy 1179. 
Thelodusy 947. 

T?teosodony 1376. 

Tiierapofiy 1013. 
TheridomyidcBy 1415. 
TheridomySy 1416. 
Theriodesmus, 1269. 
Theriodontiay 1057. 
TheriognathuSy 1064. 
TheriosuchuSy 1191. 
Theromoray 1053. 
Theromorpha, 1053. 
TheropleurUy 1060. 
Theropoduy 1164. 
Theuritheriuniy 1451, 1453. 
Thinohyus, 1322. 
Thinolestes y 1466. 
Thinosaurusy 1139. 
Thoatherium, 1359. 
TholloduSy 986. 

ThomomySy 1416. 
Thoracophorus y 1294. 
Thoracopterus y 987. 
Thoracosaurusy 1193. 
ThrissoUpiSy 978. 
Thrissopater, 996. 
Thrissops, 990. 

ThursiuSy 971. 

Thyestesy 962. 

TkylacinuSy 
ThylacoleOy 1285. 
ThylacomorphuSy 1453. 
Thynichthysy icx^i* 
Thynnusy 1007, 

Thyrsitesy 1010. 
Ti0risuchus, 1059, 1569. 

Tzllodontiay i4(^. 

^illomys, 1420. 
Tillotkeriumy i4o8« 
TinamuSy 1232. 

Tinea r 1000. 

TinoceraSy 1388. 
TinosauruSy 1139. 
Tttanichihysy 965, 999. 
TitanomySy 1413. 
Titanopkisy XX48. 
Titanosaurusy ii79* 
TitanosuchuSy 1058, 
Titanotheriidepy 1374. 
Titanotheriuniy 1374I 
Tolypeutesy 1292. 

Toifzaretusy 1433. 


^ Errzfre Sarndnickikys* S«e CojTifir«rKia. 
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Tomistomat 1193. 
Tomitherium^ 1466. 
Tomodus, 940, 1378. 
TomognathuSy 999. 
Torpedinidcp, 934. 
Torpedo, 934. 

Totanus, 1233. 
Toxochelys, 1104. 
Toxodon, 1377. 
Toxodontia, 1376. 
Toxodontidcs, 1376. 
Toxodontopkanes, 1377. 
Toxodontotherium^ 1377. 
Toxotes, 1013. 
TrachinidcB, 1007. 
Trachinopsis, 1007. 
Trachinus^ 1007. 
Trachodon, 1153. 
Trachodontidce , 1153. 
Trachyaspis, 1106. 
Trachydermochelys, 1099. 
Trachynotus, loio. 
Trachytherium, 1311. 
Tragelaphus, 1348. 
Tragoceros, 1349. 
TragulidcB, 1333. 
Tragulus, 1333. 
Trechomys, 1416. 
TremataspiSf 962. 
Trematosaurus, 1036. 
Tretostemum, 1105. 
Triacanthodon , 1277. 
TribeUsodon, 1204. 
Tribodon, 1415. 
Tribonyx, 1233. 
Triceratops, 1163. 
Trichechtdce, 1424. 
Trichechodon, 1424. 
Trichechus, 1424. 
Trichiurichihys , loio. 
Trichiurida , 1010. 
Trichiurus, 1010. 

Triclis, 1287. 

TricOnodon, 1277. 
TriconodontidcB, 1277. 
Tricuspodon, 1288. 
Trivia, 1006, 

Trtglyphus, 1269. 
Trigoaon, 1377. 
Trtisodon, 1453. 
Triinerorhachtdce, 1029. 
Trimerorkachisy 1032. 
Trinacromeron, 1079. 
Tringa, 1233. 
Trionychidky 1117. 
Trionychoidea , 1116. 
Trionyx y inQ. 

TriptopuSy 1356. 
Trtprtodon, 1268. 
Trtstichof terns y 970. 
Tristychiusy 941. 

Triton y 1041. 

Tritylodofty 1269. 
Tfitylodontiday 1269. 
TrochictiSy 1437. 
Troglodytesy 1470. 


Trogon, 1242. 

TrogonidcBy 1242. 
Trogontheriunty 1419. 
TrogosuSy 1408. 
Tropidemys, 1104. 
Tropidonotus y 1146. 
TrucifeliSy 1449. 

Trygon, 937. 

Trygonida, 937. 

Try gonor kina, 933. 
TubinareSy 1232. 
Tuditanus, 1027. 

Tupaia, 1455. 

TupaiidcBy 1455. 
Tupinambis, 1142. 
Tursiops, 1307. 
TylosauruSy 1144. 
Typodusy 965. 
TypotkeriidcSy 1^77* 
Typotheriuniy 1377, 1378, 
TypotkoraXy 1137, 1182. 

UdenodoTty 1064. 
Uintacyon, 1437. 
UintatkeriidcPy 1387.. 
Uintatkerium, 1388. 
UintorniSy 1242, 

Undina, 973. 

Ungulata, 1312. 
Upupidce, 1242. 
t/rza, 1232. 
Urmiatherium, 1344. 
UrocordylidcBy 1025. 
Urocordylus, 1025. 
UrolophvSy 937. 
Uronauies, 1082. 
Uronemus, 955. 
Urospken, 1005. 
UrostheneSy 978. 

UrsidcBy 1430. 

UrsuSy 1431. 

V'ampyrus, 1463. 
VaranidcOy 1141. 
VaranuSy 1141. 
VectisauruSy 1161. 
VespertihavuSy 1462. 
Vespertilioy 1461. 
Vespertilionid(By 1461. 
VesperugOy 1461. 
ViperidcBy 1148. 
Visknutkertum, 1343. 
ViverrUy 1438. 
ViverravuSy 1437. 
Viverridwy 1437. 

Vomery 1009. 

Vultury 1239. 

Wardiay 1569. 
Wardicktkysy 979. 
Wodnikay 941. 

Xenacantkus, 926. 
Xenaspisy 961. 
XenorkynchnSy 1238. 
XenurnSy 1292. 
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JTerefmys, 1417, 

Xesti^s, 1141. 

Xifkias, xoio. 

XtfkiidtB^ lofo. 
Xtfhodan^ 1330. 
Xifkodoniotneriumt 1330. 
XtfkopUryXt xoio. 
Xtpkkrygon^ 937. 
Xystrcicantkus^ ^7. 
Xystrodus, 94a 

Zanclodon^ 1167. 

Zanclus, 1009 
Zayus, 1416. 
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Zarhachis, 1308. 
ZatrftachySy 1033. 
Zetodofty 1380. 
Zeughdoriy 1304. 
Zeuglodontiaa, 1304. 
ZeuSy ICX57. 
ZipkioideSy 1305, 
Ztphiusy 1305. 
ZooliguSy 1331. 
Z^gmnay 946, 
^gobateSy 93t. 
^gofnaturusy 1282. 
ZygosauruSy 1031. 
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Abies, 1537. 

AbietincPy 1536. 

Acacia, 1556. 

Acer, 1553. 
Acetabularia, 1491. 
Achras, 1557. 

A corns, 1542. 
Actinosirobus, 1536. 
Adiantites, 1504. 
Adiantum, 1504. 
AEsculificc, 1552. 
j ^ scultis , 1552. 
Agaviies, 1539, 
Aggregates , 1558. 
Ailanthus, 1552. 
Albertia, 1534. 
AlethopteridcB, 1509, 
Aletkopteris, 1504, 1509. 
Algce, 1488. 

Alisma, 1543. 
Alismacece, 1543. 
Alnites, 1545. 
Alnophyllum, 1545* 
Alnus, 1545. 

Ahopkila, 1503. 
Amelianchier, 1555. 
Amentacets, 1544. 
Amomocarpum, 1543. 
Amomophyllum, 1543. 
AmygdaUcs, 1555.- 
Amygdalus, 1555. 
Amyris, t552. 
Anacardiacece, 1552. 
Anacardites, 1552. 
Anacardium, 1552. 
Anckietea, 1550* 
Andriana, 1510. 
Andromeda, 1557. 
Andromedites, 1557. 
Aneimeites, 1506. 
AngiopUridium, iSii- 
Angiospermas, 1538. 
Annutaria, 1516 * 
Ancectomeriat 1550 . 


Anomopteris, 1510. 
Anomozamites, 1527. 
Anona, 1550. 
Anonacece, 1550. 
Antholitkus, 1530. 
Apeiba, 1551. 
Apeihopsis, 1551. 
Apetates, 1544. 
Apocyanacece, 1558. 
Apocynophyllum, 1558. 
Aquifohacece, 1554. 
Aracecs, 1542. 

Aralia, 1554. 
AraliacecB, 1554. 
Araucaria, 1533. 
Araucariece, 1533. 
Araucarioxylon, 1531. 
Araucarites, 1533. 
Arbutites, 1557. 
Arbutus, 1557. 
ArchcBocalamites , 1517. 
ArcheeopteridecB, 1505. 
ArckcBopteris, 1505. 
Archagaricon, X499. 
Ardisia, 1557. 
Aristolockia, 1557. 
Aristolochiacees, 1556. 
A r aides, 1539. 

Arbites, 1542, 

Aronites, 1542. 
Arthropitys, 15x6. 
Artkrostigma, 15x8, 
Artiocarpidium, 1547. 
Artiocarpoides, 1547. 
Artisia, 1531. 
Artocarpus, XS47. 
Arundites, 1543* 
Arundo, 1543. 
Asimina, 1550. 
Asperi/oliacece, 1558. 
Aspidiece, 1505. 
Aspidium, 1505. 
Aspleniece, XS04. 
Asplenium, 1504. 



x<Si8 


Asierocaiamiies, 1516, 1517* 
AsUrcci^ena, 1503. 
AsUrophylliies^ 15x6. 
Aster^hyilum^ 1517- 
Azalea, 1557. 

Bactryllium, X490. 
Balanopkoraceae, 1557. 
Bambtisa, 1543. 
Bambusium, 1539. X543. 
Banisteria, 1553. 

Banksia, X555. 

Banksites, 1555. 

Bauhinia, 1556. 

Beania, 1538. 

Belemnof^terls , 15 ii. 
Bennettttes, X538. 

Bensonia, 1539. 
Berberidacew, 15484 
Berberis, 1546. 

Berc hernia, 1554. 

Betula, 1545. 
Betulophyllutn, 1545. 
Bicomes, 1557. 

Bidentites, X559. 

Bi^onia, X558. 
Btgnoniaceee , 1558. 
Bilobites, X481. 

Biota, 1536. 

Bixacem, 1551. 

Blechnum, 1504. 

Bolbodiuni, 1538. 

Bombaceee, 1551. 

Bombax, 1551. 
Brachyph^lun, 1535. 
Bromelta, 1540. 
Bromeliacece, 1540. 
Bryophyta, 1500. 
Bucklandia, 1538, 

Bumelia, 1557. 

Butkotrephis , X483. 
Butomus, 1543. 

Buxacece, 1554- 

Casalpinia, 1556. 
CtesaMniacece, 1556. 
Ceesatpinites, X556. 
CalawitecB, 

CcUamites, 15x6. 
CalamocJadus, 15x64 
Calamodendron, 15x7. 
Calamopsis, 1540. 
Calamostachys, X5x6. 
CalH^teridium, 1509. 
Call$pteris, 1509. 
Calthtemcphyllum, 1555. 
CaJUtris, U36. 
Cai^ymatoiheca, tSPS- 
CampanuUna, 15584 
Camplophyllum, 1537* 
CampfepUris^ 151X, 

Canna, X543* 

Cannopky lutes, X543< 
Capri/ouacets, X558* 
Cardiocarpus, X5304 


INDEX, 


Cardiopteris, 1506. 
Carex, 1543. 

Carpinus, 1545. 
Ca^olitkes, 1550, 
Cafpolithtts, 1530. 
Carya, 1546. 

Cassia, 1556. 

Castanea, 1545. 
Castanofsis, X5454 
Casuartna, 11^44. 
Casuarinidee, X544. 
Catalpa, 1558. 

Cauda Galli, 1483. 
Caulinites, 

Caulopteris, 1511. 
Cedrus, 1537. 
Celastracea, X5S3. 
Celastrinites , 1553. 
Celas trophy Hum, 1553. 
Celastrus, 1553. 

Celtis, 1547. 
Centrosperfnee, X547. 
Cephalotaxus, 1533. 
Ceratonia, 1556. 
Ceratophylecp, 1547. 
Ceratozamia, 1536. 
Cercis, X556. 
ChavKPOcypris, 1536. 
ChanKsrops, X540. 
Chara, X498. 

CharacetB, X497. 
ChzlantheSy 1504. 
Chtrolepis, 1535- 
Chiroptens, 1503. 
Chlorosporece , X49X. 
Chondrites, 1489. 
Ckondrophyllum, 1554. 
Choripetaue, 1544. 
Choroniopteris , 1503. 
Cinnamomutn, 1548. 
Cis sties, 1554. 

Cissus, 1554. 

Cistacece, 155X4 
Cisti ^ ra , 1550. 

Cistus, T55X. 
Cladophlebis, 1504. 
Clathropodium, 1538, 
Clathrofteris, 15x1. 
Clematis, 1550. 
Coccolabis, XS48. 
Coccoliths, 1495. 
Coccospheres, 1496. 
Cocculus, 1548. 
Ccelotrockiufn, 14934 
Columniferee, X551. 
Colutea, 1556. 
Combretacets, 1555. 
Compositee, 1558. 
Conifer(B, X531. 
Contapieris, 15034 
Convolvulus, 1558. 
Contori<B, 1558. 
Copaifera, 1556. 
CoraiUna, X495* 
Coralline^, Z495. 
Cordaite0, 1509. 
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CordaiteSt 1530. 
Coriaria, 1552. 
Coriariacece^ iSSa* 
Cormophyta, 1500, 
ComacecB, 1554, 

Cornus, 1554. 

Corylus, 1545. 
Cotoneaster, 1556. 
CratcBgus, 1556. 
Credneria, 1^7. 
Crematopterxs, 1510, 
Crossochorda, 1482. 
Crossopodia, 1482. 
Cruciferw, 1550. 
Ctenophyllum^ 1527* 
Ctenopteris, 1508. 
Cunninghamia , 1534. 
Cunninghamites, 1534. 
Cupavia, 1552. 
Cupanites, 1552. 
Cupanoides, 1552. 
CupresshiecB, 1535. 
Cupressus, 1536. 
Cupulifercs, 1544. 
Cyathecacece , 1503. 
Cyatheopteris, 1512. 
Cyathofiths, 1496. 
Cycadacece, 1525. 
CycadecBy 1526. 
Cycadeospermum, 1528. 
Cycadites, 1526. 
Cycadoidea, 1528. 
Cycadopteris, 1510. 
Cycadospadix, 1528. 
Cycas, 1526. 
Cyclanthacem, 1541. 
Cyclopitys, 1534. 
Cyclopteris, 1506. 
Cyclostigma, 1521. 
Cylindropodium, 1528. 
Cymodocea, 1542. 
C^mopolia, 1491, 1493. 
Cyparissidium, 1535. 
Cyperacece, 1543. 
Cyperites, 1543. 

Cyperus, 1543. 

Cypselites, 1559. 

Cytisus, 1556. 
Czekatwwskia, 1532. 

Dactylopora, 1493, 1494- 
Dactylopteris, 1512. 
DcLCtylotheca, 1509. 
Dadoxylon, 1531. 
Dalbcrgia, 1556. 
Dammara, 1533. 
Dammarites, 1533. 
Dancea, 150a, 

Danaites, 1502. 
Danmpsis, 1502. 
Daphne, isss* 

Debea, 1550. 

Delesseria, 1495* 
Dewalquea, 

Diatomac & s , 1489, 
DichoneuroHy 1539* 


Dichopteris, 1510. 
Dicksonia, 1503. 
Dicotyke, 1543. 
Dicranophyllum, 1532. 
Dictyocordaites, 1529. 
Dictyophyllum, 1511. 
Dictyopteridece, 1511. 
Dictyopteris, 1507. 
Dictyozamites, 1527. 
Didymosorus, 1503. 
Dioscorea, 1539. 
Dioscoreacece, 1539. 
Dioscorites, 1539. 
Diospyrincs, 1557. 
Diospyros, 1558. 
Diplopora, 1491. 
Dipterocarpece, 1551. 
Dipterocarpus, 1551. 
Discoliths, 1496. 
Dodonma, 1553. 
Dombeyopsis, iSSi* 
Draccena, 1539. 

Drepa nocarpus, 1556. 
Dryandra, 1555. 
Dryandroides, 1555. 
Dryophyllum, 1545. 

Ehenacece, 1557. 
Echinostachys, 1539. 
Echinostrobus, 1535. 
Echitofiium, 1538. 
ElcEocarpus, 1551. 
Elatides, 1536. 
Eleagnacecc, 11555. 
Eleagnus, 1555. 
Embotheites, 1555. 
Empetracem, 1554. 
EnantioblastcB , 1540. 
Encephalarterp, 1526. 
Encephalartos , 1526. 
Engelhardtia , 1546. 
Eopteris, 1485. 
Ephedra, 1537. 
Equisetacece, 1514. 
BquisetecB, 1514. 
Equisetites, 1514. 
Equisetum, 1514. 
Eremopieris, 150$. 
Erica, 1557. 

Ericacem, 1557. 
Eriocaulon, 1540. 
Ervites, 1556. 
Erythina, 1556. 
Ettingshausia, 1547. 
Eucalyptus, 1555. 
Euonomus, 1553. 
EuphoHfiacece, 1554. 

Fagus, 1545* 
Fasciculites, 1540. 
Ficonium, 1547, 

Ficus, 1547. 

Fieldenia, 1532, 
Filicacem, 1501. 
Filices, 150a. 

Filicites , 1503. 
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jPiHonia, Z5A8. 

1540* 

FioruUtg, 1495. 
PorskohUa, 

ForskohUanth^um^ I 547 « 
Fracasteila, 1551. 
Fran^lifue, 1553. 
Fraxinus, 1558. 

Frenela, 1536. 

Frenelopsis^ xs^ 6 . 
Frexiera^ ^SSi* 

Fucacecx^ 1490. 

Fungi, 1498. 


Gamopetal<e, 1544. 
Gangamopteride€B, 1511. 
Gangatnopteris, 15 ii. 
Gardenia, 1558. 
Gasirolobium, 1556. 
Gaultheria, 1557. 
Geinitzia, 1535. 

Genista, 1556. 

Gentianacets , 1558. 
Geranium, X551. 
Ginki^hyllum, 1529, 1531* 
Gleditschia, 1556. 
Gletchenia, 1503. 
GleicheniacecB, 1503* 
Gleichenites, 1503. 
Glossopteris, 1511. 
Glossozamites, 1526. 
Glumijiorce, 1542. 
Glyptodefidron, 1483. 
Gl^totepidium , 1534. 
GlypioUpis, 1534- 
Glyptostrobus , iS34« 
Gnetacem, 1537. 

GTietum, 1537. 

GonioUna, ±541. 
Graminecp, 1542. 

Grevillea, 1551. 

Grewia, 1551. 

Gretmvpst^s, iS5x. 
GruinaUs, iSS^* 
Guajaciies, 1552- 
Gymnospermee, 1525, 
Gynandree, IS43* 
Gyrogonites, 14^. 
Gyraporella, 1493» ^[494- 


MaliserrUs, 1518. 
Hallonia, 1520. 
Haiorhagidacew, ISSS* 
Hamamelidacece, Z554. 
Hamaptelites, 1554- 
FU 4 era, 1554. 
MeUeboritts, ISS®* 

H^ieborus,^SS^' 
ifyllobus, 1543. 
Mepaticm, 1501. 
Heteropkyllem, 1556. 
Meteros^frete, i5i8* 

Ifewardia, 1504* 
P/iemciteSi Z 559 - 
Mippocrdi^, %SSA- 

fftpp&craietu^eee, 1554 * 


Hireea, 1553. 

HoUfpleura, X550. 
Hydrocharis, 1543. 
liydrocharitacetB, 1543. 
livdrocharites, 1543. 
Hymeneea, 1356. 
HymenopkyllacetB, 1503. 
Hyment^hyilum, 1503. 
Hyoserites, ISS9« 

rux, 1554 , 

Indigo/era, 1556. 

Inga, T556. 

Inolepis, 1535. 

Iridacets, 1539. 

Iris, 1539. 

Isoetees, 152T. 

Isoetes, 1521. 

Isosporea, 1517. 

^uglandacetB, 1546. 
"l^glandites, 1546. 
J^glans, 1546. 

'j^ncacece, 1539. 
yuncus, 1539- 
yungermanniacece, 1501. 
juntperus, 1536. 


Kaidacarpum, 1541. 
Kieselguhr, 1490. 
Ktggelaria, 1551. 
Kmghtia, 1555. 
Knightites, 1555. 
ICnorria, 1520. 
Kmlrueteria, 1552. 


IjabiatcBjiorcB, 1558, 
I^acopteris, 1510. 
Laharpia, 1543. 
Laportea, 1547. 
iM-rix, 1537. 
Larvaria, 1493. 
LastrcBa, 1505. 
Lauracece, 1548. 
Laurus, 1548. 
Leguminosee, 1556. 
l^guminosttes, 1556. 
Lemna, 1542. 
Lemnopkyllum, X542. 
Lepidodendrece, 1520, 
Lepidodendron, 1520. 
JLepidophlceus, 1521. 
Lepidi^teris, 1510. 
Lepidostrobus, 1520. 
Leptotneria, 1557. 
Leptophlesum, X521. 
JLeptospermiies, 1555. 
Leptostrokus, 1534, 
l^ucoihea, 1557- 
Idbrocedrus, 1536. 
IJchens, 1499. 
tdcrophycus, X48a. 
Li^JatWt x 5 z 8 . 
Ltiiacea, *539, 
lAHiJbrm, 1539* 
xssa. 
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Linum, 1553. 
Liquidambar, 1554. 
Liriodendron, 1548. 
Lithotkamnion, 1496. 
Litsma, 1548. 

Lomatia, 1555. 

Lomatites, 1555. 
Lomatophlmus , 1521. 
Lomatopteridece, 1510. 
Lomatopteris, 1510. 
Lonckopteris, 1509. 
Lonicera, 1558. 

Ludcrvica, 1541. 
Lvdoviopsis, 1541. 
I.ycopodiacece, 1517. 
Lycopodiece, 1518. 
Lycopodites, 1518. 
Lycopodium, 1518. 
Lygodium, 1503. 
Lythrariacem, 1555. 

Maccliniockia, 1547. 
Macropterygium, 1527. 
Macrostachya, 1516. 
Macrotccniopteris, 1510. 
Macrozamia, 1525. 
Magnolia, 1548. 
Magnoliacecs, 1548. 
Majanthemophj^lum, 1539. 
Malpigkiaceee. 1553. 
Maipighiastrum, 1553. 
Malvacece, 1551. 
MantelHa, 1528. 
MarantacecB, 1543. 
Marattia, 1502. 
Marattiaceo^, 1502. 
Marattiopsis, 15 ii. 
Marckantia, 1501. 
Mariopteris, 1509. 
Marstlia, 1512. 
Marsiliacece, 1512. 
Marsilidium, 1512. 
Marzaria, 1510. 
Matonidium, 1510. 
Mayienus, 1554. 
Megaphyton, 1511. 
Melastomacece, 1555. 
Melastomites, 1555. 
Melobesia, 1495. 
MenispermaeecB, 1548. 
Menispermites, 1548. 
Merianopteris, 1510. 
Mertensta, 1503. 
fMetrosideros, 1555. 
Micropodium, 1556. 
Mimosa, 1556. 

Mimosacea, 1556. 
Monocotylm, 1538. 
Moriconia, 1536. 

Morus , 1547. 

Musa, 1543. 

Musacets, IS 43 » 
Musaphyllum, 1543. 

Musct , 1500. 

Myrica, 1546, 

Myricacece , 1546. 


Myrsine, 1557. 
Mp^siniacece, 1557. 
Myrsinites, 1557. 
Mpdacece , 1555. 
myrtifiorcB, 1555. 
Myrtophyllum, 1555. 
Myrtus, 1555. 

Naiadacece, 1542. 
Naiadita, 1539. 

Naias, 1542. 
Nelumbium, 1550. 
NematodendrecB, 1484. 
Nematophyton, 1484- 
Neomeris, 1491. 
Nephelium, 1552. 
Nerium, 1558. 
NeuropteridecB, 1506. 
Neuropteridium, 1507. 
Neuropteris, 1506. 
Nilssonia, 1527. 

Nipa, 1541. 

Nipadites, 1541. 
Nxtella, 1498^. 
Nceggerathia, 1529. 
Nceggerathiecc, 1529. 
Nasggerathiopsis, 1528. 
Nordenskiceldia , 1551. 
Nostoc, 1490. 

Notelcca, 1558. 

Nulli pores, 1496. 
Nuphar, 1550. 
Nymphaa, 1550. 
Nymphmacecs, 1550. 
Mympkceites, 1550. 
Nyssa, 1554. 

Odontopteridea, 1508. 
Odontopteris, 1508. 
(Ethophyllum, 1539. 
Olea, 1558. 

Oleacecp, 1558. 
Oleandra, 1511. 
Oleandridium , 1511. 
Oligocarpia, 1505. 
Onoclea, 1503. 
Onychium, 1510. 
OphioglossacecB, 1502. 
Ophioglossum, 1502. 
Opuntinee, 1554. 
Oreodaphfte, 1548. 
Osmunda, 1502. 
Osmundacem, 1502. 
Ostrya, 1545. 

Osyris, 1557. 

Otoza mites, 1527. 
Ottelia, 1543. 

Ovuhtes, 1491, 1494. 
Oxalidacecc, 1551. 
Oxalidites, 1551. 
Oxylobium, 1556. 

Pachyphyllum, 1533, 
Pachypieridem, 1510. 
Pachypteris, 1510. 
Pach^heca, 1^3. 
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Palmanikus, X5|P^ 
Paimocarya^ t^i/L 
Pakeoch^da^ i4Bd. 
Palaocyfaris, 1536. 
Palofawhium, 1556. 
PaluBopteridkm^ 
PakB^kriSt 1506, isia. 
Palm^hiSt 1543. 
Palasospathe^ t^o, 
PakB(yvittaria^ 1511. 
Paleeoxyris, 1530. 
Palissya, 1536. 

Paliurust 1554* 

PalmacaBt 1540. 

PanaXt 1554. 

Pandanacea^ X54X. 
Pandanus^ X54X. 
PapayercicecB^ xS5o* 
PapilionacecB^ iSS^* 
Parrotia, 1554, 
Partkeniies, 1559. 
Passijlvrift€e, 1554. 
Paullinia, 1552. 
Pecopterideoit 1509. 
Pecopteris, 1509, 
Pentaphylax^ X£SX- 
Peronospcritest i499> 
Persea, 1548. 

Persooma^ XS5S« 
Phanerogamce, 1524. 
Phxiscolites, 1556. 
Phaenicites, 1540. 
Phanicopsis, 153a. 
Phoenix, 1540. 

Phrapnites, iS43‘ 
Pkychochromophyces, 1490. 
Phylloglossem, 1518. 
Phyllostrohus, 1536. 
Phyllotheca, 1515. 
Ptlularia, 1512, 

Pimelia, 1555. 

Piniies, 1^31. 

Pinnularta, 1516. 

Pifins, 1537- 

Pip^r, XSS7. 

Ptperinem, IS47» 

PtperiUs, X547. 

Ptrus, ISS5* 

Piscidia, 155^* 

Pistachiat 1552. 

PistioLt x54a. 

Pistiies, X542. 
Pitksporacem, 1554* 
Pittosporum, iSS4* 
Planera, 1543. 
Pkttanacem, XS-SJS* 
Piafanus. iSSS' 

Pla^kpB, xsa8* 
Podocafpust X532« 
Podocarya^ X54X* 
Podogoftiitm, 1556 . 
PadoMamikSt 
PoUrschiclBr, 1490* 
poipcarpiea^ 13^ 
P&lygonum^ XS48* 


Polypeiait% 1^44. 
P&hpoMacuBt XS03, 
Polypodkm, 1504. 
PolypodiuM^ X5a4. 

Pomacets, 1555. 

Populust 1546. 

Posidonia, 1542. 
PotamogetoH, 154a. 
Pothoeiks, i^t. 6 , 1543. 
Printulinm, 1557. 

Prosopis, x^6. 

Protantyris, X552. 
Protannularia, 15x4. 
ProteaceoB, 1555. 

Protoficus, 1547. 

Protogens, 1480. 
Protopteris, 1511. 
Protorchis, 1543. 
Protorkipis, 15 ii. 
Protosafvinia, 1484, X513. 
Protostigma, 1483. 
Prototaxites, 1484. 

Prunus, 1555. 

Psaronius, 1511. 

Pseudo fhragmikSy 1543. 
PsilopkytecB, 1518, 
Psilophyton, 1517. 

Psiloteae, X518, 
Psygmophyilum, 1539, XS31, 
Ptdea, 1552. 

Pterocarpus, X556. 
Pterocarya, X546. 
Pteridophyta, 1501. 

Pteris, 1504. 

Pterophyliutn, 1527. 
Pterospermites, 1551. 
Ptilopkyllum, 1527. 
Ptilophyton, 1513. 
PHlozamites, 1527. 
Ptyckopteris, 1511. 

Quercus, X546. 

PajjfiesiaceeB, 1557. 
Ranunculacece, 1550, 
Ranunculus, 1550. 
Renaultia, 1505. 
Rhabdocarpus, 1530. 
Rhachopteris, 1505. 
Rhamnacees, 1554. 
Rkamnites, 1554. 

Rkamnus, 1554. 
Rhipidopsis, 1532. 
Rhlptozamites, 1527 
Rhizocarpece, 15x2. 
Rhtzocauion, 1539. 
Rhizomopkris, 1512. 
Rhododendron, 1557. 
RkoedincB, X550. 

Rhus, 1553. 

Robinia, ISS^* 

Rosa, 1555. 

Rosacece, 1555. 

Rosifioree, 1555. 

RuHaceee, 1558. 

RuHetHks, 1558. 
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/iubiin<s, 1558, 

RutacecBy 1552. 

Sabaly 1540. 

Sagenopteris, 1512. 
Sagittaria, 1543. 

Salicacea, 1546. 

Salisburia, 1532. 

Salixt 1546/ 

Salsola, 1548. 

Salvinia, 1512. 

Saiviniacea, 1512. 
SantalaceeBt 1557. 
Santalum^ 1557. 
SapindacetB, 1552. 

Sapindus, 1552. 

Saportea^ 1532. 

Sapoia, 1557. 

Sapotacew, 1557. 

SapoHief, 1557. 

Sassafras, 1548. 

Saumja, 1551. 

SaxifragincB, 1554. 
Scheuchzeria , 1543. 
SchizeacecB, 1502. 
Schizoneura, 1514. 
Schizoneurece, 1514. 
Sciadopitys, 1534. 

Scirptis, 1543. 

ScitaminecB, 1543. 
Scleropteris, 1510. 
Selaginella, 1519. 
SelaginelU<B, 1519. 

Sequoia, 1534. 

Sigillarecp, 1521. 

Sigillaria, 1521. 
Suphidium, 1559. 
Simarubacem, 1552. 
Siphoneee verticulata, 1491. 
Smilacina, 1539. 

Smilax, 1 539. 

Solanacece, 1558. 

Solanites, 1558. 
^adictJlortB, 1540. 
Sparganium, 1542, 
Sphecrococcites, 1495. 
Sphagnum, 1500. 
Spkallopteris, 1512, 
Sphenophyllum, 1513. 
Sphenopteridece, 1505. 
Sphenopteridium, 1505. 
Sphenopteris, ^505. 
S^tenothallus, 1483. 
jAkenosamites, 1527. 
^piran^um, 1538. 
Spirophyton, 1483. 
Sporangites, 1484, 1512. 
Stachannularia, 1516. 
Stachypteris, 1510. 
Staphylea, 1553. 
Stangeriea, 1526. 
SUn^teris, 1505. 

Sterculuif 1551. 
StercvliacecB, 1551. 
Stemhergia, 1531. 
SHchdpieris, 1509. 
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instructions in all Highland Sports, with Wandering over Cwf and Conie, 
nood and Fell ByJoiw Oolqvkottk. Seventh Bdition. With lUustra- 

oott^liT' Saggested Reforms in Public Schools. By C. 0. 

OoRSmu., U.A , i».)irt*»tlI(MrtM«tFette» OoU.*#, Bdla. OwwaSTO. Sd. 
OEANSTOUN. The Sa^ of Albius Tibullns. Translated into 
ai«Il«hTwca«lthLlfl»orthe?oet,udllliwtn^«Kotea ByjAiosOMv* 
■roW, UU 1 X, Author ofa TMaid.tlan of ' OatoUn. * Chowii Svo, 6. M. 

Wte SUeies of Sextus Propwtins. Translated into Ei^lish 

V«»fcwHh W«*of*b*?ort,*i»dninrt™tiIv»HofM. OiowbSto. 

ORAWroto. Saraciaesca. ByF. Mabios OiuwfOiffi, Anthor of 

liamCi/*lfr€(lhiMBiw/^flknti*sta»‘/Ac. flw FoniihBd. Crown 8vo, w. 

TtoDwi*. of Holr Sorli M. wopec^.- o 








OSAWfOlD^ ei Qod| Cotiiiliffed in its 

aaM %ii«lil ^iiqpiote, mH partkmki^ Is raistfos to ^ AtosoiiM&t* wi1& « 
Bottev «r IMmU lS|pooiil«llo&i os MAtk, By iht tkWAM J. 
OsAW^roS!^ IX0«, 9 t C^vIbI^ Is m of Bdl&bnz«li. 

Mid wSos, Boriood luid sHuged, g$. 

Preach^ <rf tite Cross, and othsuSsrmcms* Svo, 7s. 6d. 

. Otis Mysteries of Ohxistiamty. Crown 8 ro, ja. 6d. 

DAYI£d. Norfolk Broads and Biyers ; or» The Waterways. Lagoons, 
ssd Boeors of JBut Asglis. By 0 . Obsibtophbs Bavisi. Aslior of * The 
Bwss asd ker Onw.* lOsstrated wita Bom flatoa K«ir asd 

ChoUMK Bditlos. Crown Syo*. Aa. 

BATNE. In the Name of the Tzar. A Novel. By J. B3BL70BD 

Batss. Crown Sto, 6 a. 

Tribute to Sato. A NoveL Crown 8va as. 6d. 

DE LA WABR. An Eastern Cruise in the ^ Adeline,* By the 

CosstMw Bs LA Wass* Is lUuftratad Oo?er. aa* 

DESCART]^. The Method, Meditations, and Principles of Philo- 
ao|»by of Bdaeartoa. Tnoialatod firom tSe Original Franeb and LaUn. WltS a 
Now Introdilotory Saaay. Biatcwioal and GritMi (m tbe CartoalsB FhUoaopby • 
By Jobs Vsmm, LI1.B., Frofoaaor of Zioglc and Bbotodc in the UsiYoraity of 
OfasRow. A New Bdltion, beii^ tbe Ninth. Prioe 6a. 6d. 

DICKSON. Qleanings from Japan. By W. G. Dioxsoir, Antibor 
of * Japan : Being a Sketch of ita History, Goremmeiiti and Ollleeni of the 
Bmpire.' With Ulnstrationa 6 yo, i6s. 

tK)OS, OUR BOMESTICATEl) : Their Treatment in referauee 
to Food, Biaeaaea, Haldta, Pnniahinent, AeoompUshmente. By^XAC^HVA.* 
ChoWn sVOf 91. 6d. 

DU CANK The Odjssey of Homer, Books 1 . -XII. Translated into 

Eni^sh Veree. By Sir OSABina Bu Oaiti, K.C.M.O. tYO. xoa. Od* 
DUD0EON. History of the Edinburgh or (j^een’s Begiment 
Light Inliuitry HiUtla, now 3rd Battidloii The Boyal Soots; trlth an 
Aoconnt of the Origin a^ Fronees of the UUitia, and a Brief Sketch of the 
old Boyal Soota. By M^or B. 0. Bnnoioxr, Adintant 3rd Battalion Th«Bnyal 
Soots. Post Syo, With xTlnstraticms. xoa. 6d« 

DUNCAN. Manual of the General Acts of Parliament relating to 

the Saliaon Fisheries of Scotland from xSaS to z86a. By J. BAaxsa BnvcAir. 
Crown 8Y0, 5$. 

DUNSMOBH Manual of the Law of Scotland as to the Relatione 
betwean igrionltnval Tenanta and their Landlords, Senranti, Merchanta. and 
Bowers. By W. Buhsiiobi. Syo, ys. 6d. 


DUPRE. Thoughts on Art, and Autobiogxmhleiil iCenxcirs of 
OJoYannl Btmrt. Tranilated Crom the Italian by £. paanzsi* with tie 
pennissien of the Author. New Bdition. With aa latrodiwttoa by W. W. 
SffoaT. Crown Svo, soa. 64. 


SffoaT. Crowns^, soa. 64. 

ELIOT. George Eliot’s Lif& Belated in her Letters and Journals. 
Arcanged and Bdlted by her bi^baadt J. W. Caoas. With Portrait and efh#r 
llXttatiitUssa. Third Bdittoa. 3 Yola. post Syo, 4»t. 

W(»4i;s of George Eliot (Cabinet EUdon). Handsomely 

printed In a nsw type* at Yohmies, orown Sro, price is. Xhi Vdankes 

Adear i&e. « Yeta^Soeaes of Olerieal LSh e tola-^l^e 1011 on 
the Floii. a Yeli.-^Friix HdH » YOlSi-i-dflddBsitarriL 3 rols.— 
^ Banld Beronda. 3 yoIs.— T he SpantA 0ypsy. x toL-JubaL and 
* ^iHwPoettw^mdaiidl^. r t4d.^*4beefniiMim fyet.-^ 

XJlii. SditioB.) Wltb 
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^I 07 «, 2 jroTelsbjGsoEi^s£uoT* Cii«i^ Sditiim. AdamB«de. II- 
luttTAtad. 30. 6 d., ol0tk*-Tli0 Mill on the Floss, lllng. 
^ted. 38. 6d., cloth. — Scenes ofOkrioal Life. IHnstrated. 
3s., cloth.-->Sila8 Mamer: The Weaver of Baveloe. Illus- 
trated. 29 . cloth.— Felix Hdt, the Badical. Illustrated. 
^8. 6d., clom. — Bomola. With Vi^ette. 3$. 6d., cloth. 

— — Itiddlemarch. Crown 8to, 78. 6d. 

Daniel Deronda. Crown 8 vo, 78. 6 d. 

Sssays. Edition, Crown 8vo, 50. 

Impressions of TheophrastU8 Such. New Edition. Crown 

sw^. 

The Spanish Gypsy. New Edition. Crown 8vo, 58. 

' The legend of Jubal, and other Poems, Old and New. 

Vew IfidltUn. Crown 8vo, 5s., cloth. 

Wise, Witty, and Tend^ Sayiims, in Ptose and Verse. 

Btleoted from the Works of Gsobos Bliot. J^hth Edition. Fcap. Svo, 6s. 

The George Eliot Birthday Book. Printed on fine paper, 

with led border, and handsomely bound In cloth, gilt. Fcap. 8vo, cloth, 3s. 6d. 
And In French morocco or Bussia, $«. 

ESSAYS ON SOCIAL SUBJECTS, Originally published in 
the * Saturday Review.* A Bew Sdition. First and Second Serlee. 9 vole, 
crown Svo, 6e. each. 

EWALD. The Crown and its Advisers ; or, Queen, Ministers, 

Lords, and Commons. By ALSXAKniR Cbarlis Bwald, F.6 A Crown 8vo, 5s. 

FAITHS OF THE WORLD, The. A Concise History of the 

Great Religions Systems of the World. Bv various Authors. Being the St 
Giles’ Lectures— Second Series. Crown Svo, 5s. 

FAREER. A Tour in Greece in 1880. By Richard Ridley 

Faaana. With Twenty-seven fuU-page lUustrations by Ijobs Windsor. 
Boyil Svo, with a Map, axs. 

FBBBIBR. Philosophical Works of the late James F. Ferrier, 

B. A. Ogon. , Frofeesor of Moral Philosophy and Political Economy, St Andrews. 
New Editiott. Edited by Sir Albx. Grant, Bart,, D.C.L., and Professor 
LusniNOTON. 3 vols. crown Svo, 348. 6d, 

Institutes of Metaphysic. Third Edition, lew. 6d. 

- Lectures on the Early Greek Philosophy. Third Edition, 

loS. 6d. 

- -i' Philosopliii^ Remains, including the Lectures on Early 

ijlreek PbUoe^j. 9 vols., 84s. 

FLETCHER. Lectures on the Opening Clauses of the Litany 
delivered in St Paul’s Church, Edinburgh. By John B. Flrtchkr, H.A. 
Crown Svo, 4 e. 

FX^KT. The Philosophy of History in Europe. By Robert 
Flint, B.D., LL.D., Professor of Divinity, University of Edinburgh Vol 1 . 
If o, {New Mition in prfiparaiion. 

HI, Theism. Being the Baird Lecture for 1876. By Robert 

Flint, D.D., LL.D., Professor of Divinity, University of Edinburgh, Seventh 
action. Crown SvOjjji. 6d. ^ « 

■ ABti**Thei8tic Theories, Being the Baird Lecture for 1877. 

, Fonrth Edition. Oro^svo. 5 d. • 

Agnostk^isn. Being tibe Croall Lectures for 1887*8^ 

tin (as pn 8 $* 

FORBEB. Insulfede ; Experiences of a Naturalist's Wife in the 
Eastecn Archipelago* By *** ^ ^ 

imsmmGhiMm ton snglish beadebs. Ed, fed 

trXnOunUMt. 
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IMtHu Bv QAsouiia TommsimA, 

of *M Xi!itlmiiiMKt»* 1^ t voii, opit '8vo, 

FULLJ&JnNSlf. Merliii : A Dnomotis mma. By iUs«tt MACUtob 

70x^144*011, Fc»o. 6vo. 

OAI/r. Aanak oi Fmiili. JoH» Qalv* Fcap* a«« 

*Bi» Frovost. Ptap, Svo, ai« ^ 

— — Sir Andrew Wylie. Fnap. Sto, 2«. 

The Entail ; or, The Lai^ of Grippy. Feap. 8v0t ae. 

aSSNEBAL ASSEMBLY OF THE OHUBCH OF SCOTLAND. 


The Entail ; or, The Laiid of Grippy. Feap. 8v0t aa. 

OENEftAL ASSEMBLY OF THE CHUBOH OF SCOTLAKD. 

Family Pmyere, Anthorieed by the General Aaeembly of 

tike Ohox^ of BcoOiikd. A Kev Sdition. down evo» la larae 4** 
Anotlier IDditlon, orown fivo^ oe. 

Prayers for Social and Family Worship. For the Use of 

Soiaien, Sailoni, Ooloniets, and BoJonnieni in Indian and otiier Tdaona, at 
home and abroad, who are deprived of the ordinary aervloea of a Chriftlan 
Hinlatiy. (Hieap IfiditloB, xe. dd. 

The Scottish Hymnal Appendix, i* Longprimer type, is. 

a. Kottpareil typ^ eloth limp, 4d. ; i^per oover, ed 

Scottish Hymnal with Appendix Incorporated. Pub* 

Uahed for Use in Chnrobes by Authority of the General wembly. t. Large 
type, eioth, red edges, ss M. ; French morocco, 4s. • Bonrgeok Mpe, limp 
eloth, xs.; French moroeeo, ss. y. Nonpareil type, doth, red edges, 64 . ; 
French moroooo, xs. 4d. 4 Paper covers, yd. 5. Sniiday - School Bdltloxt, 
paper covers, xd. 6. Ohildmi^s Hymnal, paper covers, xd. No, s, bound 
with the FsaUna and Paraphrases, Frentm mdoceo, Ss. No, a» bound 
with the Psalms and Paraphrasea, doth, es. ; french moroeco, gs. 
QERARD. Beata; What*, ia a Name. By £. B. OiusD. 
New Bditlon. Crown 8v0, 6s 

— Beggar my Neighbour. New Ediidon. Crown 8wOt 6s, 

- The Waters of Hercules. New Edition. Crown 8vo< 68. 

The Land bey<md the Forest. Facts, Figures, and 

Fandes from Transylvania. By B. Osbaiib. In Two Yolumes. With If spS 
and niustratlons ays, 

GEBARH. StohyhuTst Latin Grammar. By Bev. John Gbbarb. 

F<^. Svo. ys. 

GILL. Free Trade : an Inquiry into the Nature of its Operation. 

Ny BiouauX) Ginn. Crown Svo, ys. 6d. 

Free Trade under Protection. Crown 8 yo, 78 , 64* 
GC^HHS FAUST. Translated into English Verse by S’? Thbo- 

jMkuji If AhTia. K 0 B Part 1 . Sec^ B 4 l&ik. post Svo, Si. Ninth XdU 
tlon, fcap.f ye. 4 d. Partll. Second BOHion, revised. Feap Sy^Ss. 

GOETHE. Pows and Ballads dT Goethe. Trsuauslhtea by rPofsssor 
krtmm and Sir THCoxKima Hahtiw, n.O.B Third tSditton. feap Svo, 6s. 
GOQUALL. Juxta Crucem. Studies of tbe Love that is over ns. 
By the late Hev. OwAaLSs Gocmati., B.t>., HInister of Barr. With a Wesiohr 
by Bov. Br Strong, Oliagow, and Portrait. Crown Svo, 6t. 

OOBBOH OUMMOG. At Home in F^i. By C. F. Gobbon 

Ceiinm, AatdKwOf'PyomtMBelnldsstoi^HM PMirthWtloSi 

'poit^ow W^XUoiMloasaikdSC^ yi.ad. . 

A Xia4y*8 Cruise in a French Man-f^^^War. , Ifew ana 

ChesysrS^ttihU. |v«. With mustratlont and Ite. ffttgl. , 

Fure^Fountains. The kingdom of Hawaii ; |la Toteanoes* 

and ihi Biitofy of its mkMm* With Hap sad aosietukialBiiid^^ 

in KewaH4<3ieip^Blit^ 

Itbe Riidnti nf 
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QBAEAIC. Tlte Di& and Work of Syed Akmed Nltan, O.S.L 
0 . F. t QmamaMj S.S.O. Jvo« x4». 

GEAKTf Buah-Idtfe in Qmemmand, By A* 0. Gbakt. New 

iM itim , Otown $vo, 6s. 

GBIFHT8B. L^ked tip. By Major Abthub Griffiths. 

AotiKMr of * The Wro]% Rosd.* ‘ Oluxmiiolss of Nefwg&iSt* Ac. With lUustrstions 
Jjy 0 . J. STAvrtAKD, Rl. Croim 8vo, as. 6d. ^ 

HAGGARD. Dodo and I. ANov^ By Captain Ahdbjdw HaggarUJ^ 
€rowasvo,0s ^ 

HABDANB. Subtropical Cultivations and Climates. A HandyFL 

Book tor PUnters. Colonistg, and Settlors. By R. C. Hajldan*. PostBvo, 98. 

HADDETT. A Thousand Miles on an Elephant in the Shan States. \ 

By Holt S. Hallbit, M. Inst. C.B., F.B.G.S., M.RA.S., Hon. Member Man- 
cheater and Tyneside Geographical Soelotiea. In t vol. 8vo, with Maps and 
huwerotis lUaatraUons. , 

HAMERTON. Wenderholme : A Story of Lancashire and Yorh- 
ahire Wfe, By Phiuf Gilbbbt HAi£xaTON» Author of ‘A Painter’s Camp.* A 
Hew Bdltion. Crown 8vo« 6e. 

HAMILTQK. Lectuxos on Metaphysics. By Sir William Bamil- 

Tow* Bart» Protoesorof Loglo and Metaphysics in the University of Bdlnb^h. 
Bdlted by the Bev. H. L. Mansel. ED., IL D., Dean of St Paul’s ; and John 
V irroa. M.A., ^feasor of Logic and Rhetoric, Glasgow. Seventh ICdltion. 
s vols, 8to, 040. . , _ * . . 

Xsactures on Logic. Edited by the Samb* Third Edition. 

a voISm 84S. , j 

- Discussions on Philosophy and Literature, Education and 
Univeraity Betorm. Thl^d Bditicm, 8vo, «is. « ♦ . 

Memoir of Sir William Hamilton, Bart., Professor of Logic 
and Metaphysloa in the Univereity of Edinburgh. By Professor Vwtch, of the 
Unlyersltv of Glasgow. 8vo, with Portrait, 188. 

Sir William Hamilton: The Man and his Philosophy. 

Two Lftctares Delivered befmre the Edinburgh Philosophical Institution, 
Jfanuary and February 1SB8. By the Same. Crown 8vo, as. 

HAMLET. The Operations of War Explained and Illnstiated. By 
L1Cnt.-GsneTal Sir Edwabo Bnuoi Hamlet, EO.B., K.C.M.G,, M.P. Fifth 
Bdltion. revised throughout, sto, with numerous IllustraU^s, 30s. 

— National Defence ; Articles and Speeches. Post 8vo, os. 

— — Shakespeare’s Funerab and other Papers. Po^ 8vo, 78. 6d. 
— — . Thomas Carlyle : An Essay. Second Edition. Crown 

Story of the Campaign of Sebastojjol. Written in the 

Camp, with lUnstwtions drawn in Camp by the Author. Svo, sis. 

On Outposts. Second Edition. Svo, 2 s. 

-—4. Wellin^n’s Career ; A Military and Political Summary. 

^Sdy Widowhood. Crown Svo, 28. 6 d. 

Our Poor Relations. A Philozoic Essay. With JRus- 

I WaMnnSt oWelly kf Bmeet Gvleet. Crown Svo. cloth gilt, 31. 6d. 

HAMLET. OnUty, or Not Gnilty » A Tal^ By ^or-Oeneral 

W. 8. II*iiu«?Iat« of th. Bow! BewldJton. ^wa «to, 6d. 

ai»8«den Hall. "When George the Third waa King.” 

jWirwdOiio.pwWB**''**, „ ..to?.,. 

n’iWOfMN 1^6 Scot Sb XHster. The Story of the Soottien 

Aatho/of ' Ow. Touni. Oo». 

C^wn lvd, M. at. ...» a 

Bible PirtingSo % E. I* Haseil, (hrown Svo, Gp. 
ffltortfaBiily C3oth,ii. 






HAT, Tbs Vorln at the Bk^t Ber. m Geokge H«y, of 

mh Afitirir aad BoiKatt of Sm AtStin. j ■nia. atowu $ro, bouM ia utn 
<sl0tlL Jaim !•. 04 . told MlMMRMiihr-~TiS* • 

VlM mrnn ObxMtn In^tnetU In tiM Vid^ ofduMtnm tbft Vilttfii^nrdo 
a vnl9.. duiatti^ InatnanM In 1 «# of Clk^t tl^osn the Written 

Wcurd. t vcdiu, 88.<^Tlie Pioiu Ofaiiktlhn Inetrtioted in the Katitre and AncUoe of the 
Prinoipnl Ihcirdaeo of Piety, z vot, 4ft. 

H1!ATL£7. The Hone-Owner’s Sefegniurd. A Hsn^J Medical 
^de for every JIiui who owaa n Boone. By O. 8. HnAVLat^ |C.B.0.V«8. 
Orown dvo, ya. 

— The Stock-Owaer*8 Guide. A He&dy Uedioal Trcafciee for 

every Baa who owna an On or e Oow. Crown 8vo, 4a. 6it 

HE0DERWIOK. Laye of Middle Age ; and other Foeme. By 

JAmi HnoDsawtcK, LL JO. Ptioe 3 a. 6 d. 

HEMANS. The Poetioid Works of Mrs Hemaas. Oopjnight Edi- 
tion.— Oo. Volume, royal Sro, s* —The Heme, with lUninliaui engtseed o. 
Steel, botmd In elothi edgee, ye. dd.-4Ux vohuitea in Three, fsajp , zaa. da. 

SlLBOf Potm ov Baa SUmamb. F^p., <doth, gtH edgea, 3a. 

HOME PBAYEBS. By Minietdns of the Church of Sootlatid and 

Membera of the Chnrdi Serviee Society. Second BdiUon. Foap. dvo, 3a. 
HOMEB. I^e Odyssey. Translaled into English Verse in the 
apemerian Stanaa. By Pntur BTAnBopa WoaaLcv. Third Bdttton, a volt, 
foap.. zaa. 

■ The Iliad. Translated by P. S. WoBSUnr and Professor 

CknuMOfov. a vcda . erown 8vo, aza. 

HOSAOK. Mary Queen of Scots and Her Accusers. Containing a 
Variety of Po^menta never before nabllahed. By Jokk Bosacx, Barriater* 
at-Law. A New and Bnlarged Bdtuon. vrith a Fhotogranh from the Bust on 
the Tomb in Weatminater Abbey a v<di. SvO, jCt* »a. 6a. 

Mary Stewart. A Brief Statement of the Principal Charges 

which have been made againat her, together with Anawera to tha aame. 
Crown Svo, aa, 6d, 

SUTCBlNSOiN'. Hints on the Game of Golf. By Hobacx G. 

BoToatwaoir. Fourth Bdltion. Feap^ Svo, cloth, la. 6d. 

IHDIBBIdEIGB. Lectures and Essays. Sy the lata Eabi* of 
ImmauicMa, OvC.B., D.C h , Ac. Svo, i6i. 

miBX GEOGRAPHICUS : Being a List^alphabetically arranged, 

of tike Principal Piaoea on the Globe, with the Ooimtriei and Subdiyiiioni of 
the Coontiiea in irhieh they are altnated, and their Latitndes and lANOgitiidei. 
Applicable to all llodem Atlaaee |md Bapa. Imperial Svo, pp, 6f9^ ata. 

f^AMIESON. Discussions on the Atonement: Is it Vicarious? 
By the Bev. Ononca ^aanaeofif, A,lf., B.D.. nj 9 „ Author of *Profonnd Pro* 
blmaa In Ph^oeophy and Theology.* SVo. i6a. 

JEAH lAMBOir. Our Trip to Blunderland ; or. Grand Sbceursion ^ 
to Bmadoriown and Bael^. By JwAir Jiiminr. With BIxty tUnaliiitlona 
deatoiid by CpiAnLKa JOcmn, engravad by pAiaist. FOnra rhonaand. 

Ui Chei^ BdBSon. idoth* ya. 6d. 

Xn boaydi, ei. 6d« 

^SI^IMQS. Mr Gladstone: A Study. By Locm 1. JmmiimB, 

WJ?., Anthor of * Bepwbll^ Government In tite tinned Btatag^* * $ 1 M Cho^ 
PbpmsrBdltimi. CrownSvOyis* ^ 

mBSftmHAM. iemiiiiae^Bcw at aa AMaeiA By fitrskav 

p 0, Ma >iwMafamMo fiM^Bdltlett. OrownlrOfSit 

a DJiind de BreteojJlea ALdvcBtoiy^ 
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JONNSTON* The ChesustiT of Oonmon Life. By Profeeeor 
S.V.'W.Sowtttmt. K«wlmfli>n.B«vtHiI,ud1non(«itdowntO(Ut6. By 
i*®*!?* H»*»«** OUtbot, 1I.A. Onm.: Atrthor of ‘Food: iti Bonroei, 
OoMUtneut^ and Uhi,' *e., &e. fllaitiatad with M^o and loa XnoraTinga 
^ 01 ^ Ooniplete in onp volume, crown 8yo, yi. 6d. 

Memeata oftiRricultuTal Chemiatry and Geology. Be- 

Inrougbt down to date. By Sir Oearxjm A. Oaicbbon, M.I)., 
B.B.O.S.I., Ac. Tifteentb Edition. Foap. 8vo, 6t. 6d. 

— ■ Catedbiam of Agricultural Chemistry and Geology. An 

Ontiroly New Edition, revlicd and enlarged, by Sir dwABLne A. OAHinoN, 
ItB.. P.B. 0 . 8 . 1 . .&e. EtKltty>iiztli ThoiiRand,witb ntuneroiu lUnstrationB. tr. 
JOHNSTON. Patrick Hamilton: a Trs^edy of the Eefonnation 

(n SootUmd, tstS. Bv T. P. Johnotok. Crown 8 vo, with Two Etchlnge. 5s. 

KENNEDY. Sport, Travel, and Adventures in Newfoundland 
and the West Indiei , By Captain W. B. Kknvbdt, B.K. With IllnstrationB 
by the Author. Post 8yo. 14s. 

EEB. Short Studies on St Paul’s Letter to the Philippians. By 

Bev. William IiEB Kbe, Minister of Kilwinning. Crown 8vo, 58. 

KING. The Metamorphoses of Ovid, Translated in English Blank 
'' Verse. ByHsKRT Kino, M.A., Fellow of Wadham College, Oxford, and of 
the Inner Temple, Barrister-at-Ijaw. Crown 8vo, tos. 6d. 

KINGLAIO. History of the Invasion of the Crimea. By A. W. 

Kinolaki. Cabinet Edition, rsTised. Illustrated with Haps and Plans. Com- 
plete in 9 Vols., crown 8 to. at 6s. each. The Volumes respectively contain 
1 . Tss OaioiH OF tus War between the Osar and the Sultan. II. Busbta 
Met ani> Invaokd. Ill, The Battle of the Alma. IV, Sebastopol at 
Bay. V. The Battle of Balaclava. VI. The Battle of Inkermav. 
Vll. Winter Troubles. Vlll. and IX. From the Morrow of Tnxerman 
TO THE Death of Lord Baolan. With an Index to the Complete Work. 

History of the Invasion of the Crimea. Demy 8vo. Vol. 
VI. Winter Troubles. With a Map, ids. Vols. VII. and VIII. From the 
Morrow of Inkerman to the Death of Lord Raglan. With an Index to the 
Whole Work. With Maps and Plans. 28 s. 

Eothen, A New Edition, uniform with the Cabinet Edition 

of the * History of the Invasion of the Crimea,* price ds. 

KNOLLTS. The Elements of Field-Artillery. Designed for the 
Use of Infentry and Cavalry Officers, By Henry Knollys, Captain Royal 
Armierr ; Author of ‘Prom Sedan to SaarbiUok,* Editor of ' Incidents In the 
^Bepoy War,* Ao. With Engravings. Crown 8 to. 7a dd. 

LAVEEGNB. The Rural Ecouomy of England, Scotland, and Ire- 
land. By Leonoe he Laybronb. Translated from the Frmioh. With Notes 
bv a Scottish Farmer. 8 yo. tss. 

LAWLE3S, Hurrish : a Study. By the Hon. Emily Lawless, 

Author of ‘A Chelsea Householder,* *A MUlIonalre’s Cousin.* Fourth 
and cheaper Edition, crown 8vo. ds. » 

lee* a Phantom Lover : a Fantastic Story. By Vernon Lee. 

Crown 8vo, la ^ ^ 

LIE. Glimpses in the tViliRht. Being rarions Notes, Becords, 

.nd Bbcmplas of th« SnpenwtiiT.]. By th. Hot. Gtoboi F. Im, D.C.L. 

T,Tf !P!g A Handbook of Sheriff Oonrt Styles. By J. If. Lbfp, 

M.A.1 LL.B., Advocate* Sheriff-Substitute of Lanarkshire. New Ed., 8 yo, #ja 

— A Handbook of fhe Sheriff and Justice of Peace Small 


LETT§1S°^0M*'tHB*HIGHLANDS. Reprinted from* ‘The 
LIGjffli^T^StnSies i^ITiilosophy^ By fte Rev. J. toHiFooi?, 

^ M. A.. D.Sa * Ft<»r of Cross Stone, Todmm^^ Crown^o, 4*. d<L 

T^rTTTT^ HA wn AND IftJOKLB GOLD. A Study of To- 8 «y. 
In 8 Yok* poetSYO, ess. «d. 
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lAAOEAT. Ootlinea of ICodem Geogcaj^r. i8ist Thomsuid. n- 
irtiMjtotitoimMnttliiM. ««, «. 

— < — . Fu»t Steps ia Geognphy. logth Ttoasaad. iJmo, pp. 

j®. Aewnd, 4d. ; 

Blemcnts of rhyriography and Phyrioal GeograpliT. 

BeCmnoe to tlio luitxWioiis recently UnMd by the 8&if£ and 
Art De^iartment. Jltli Tbottaands rerieed. Crtnrn Svo^ xt , 6d. 

y«ote aad Dates ; or, the Leading Eveats ia Sacred and 

Proftme History, and the Principal l^ts ia ^ Taiions Physical Sciences. 
The Memory being aided thronshont by a Simple and Natural Method. For 
Soliools and Private Befenmoe. New Bdttion. Crown Svo, 38. 6d, 

IdAOEAY. An Old Scots Brigade. Being the History of Hackay’s 
Begiiaent, now incorporated with the Boyal Scots, With an Appendix con- 
talning mai^ Original Docnments connected with the History 0/ the Begi- 
ment. By John lUcKAr (Ute) or HsaaiESDAtx. Grown 8yO| 58. 

HACKAT* The Founders of the Ajueriisan Republic. A History 
of Washingtoni Adams, Jefferson, Franhlin, and Madison. With a Supple- 
tnentary Chapter on the Inherent Causes of the Ultimate Failnre of American 
Democracy. By Oharlks Maoxat, LL.D. Post 8vo, ros. 6d. 
MACKENZIE. Studies lu Roman Law. With Comparatire Views 

of the t4awg of France, England, and Scotland. By Load Mackknzix, one of 
the Judges of the Court of Session in Scotland. Sixth Bdition, Bdited by 
John HraKPATAioK, Sm} , M.A. Cantab. : Dr Jnr. Held^b.; LL B. Bdin. 
Advocate. 8vo, xss. 

MAIN. Three Hundred English Sonnets. Chcmen and Edited by 

David M. Main. Pcap. Svo, ds. 

MAIR. A Digest of Laws and Decisions, Ecclesiastical and Civil, 
relating to the Oonstitution, Practice, and Affairs of the Church of Scotland. 
With Notes and Forms of Procedure. By the Rev. William Mair, D.D., 
Mlnlfter of the Parish o^Barlston. Crown Svo. With Supplements, 8s. 

MARMORNE. The Story is told by Adolphus Sboravb, the 

yannMSt of three Brothers. Third Bdition. Crown 8vo, 6s. 

MARSHALL. French Home Life. By Fbbdbeio Marshall. 

Second Edition, ss* 

M ARSHMAK. History of India. Prom the Earliest Period to the 
Close of ^e India Companya Oovmnment ; with an Epitome of BuhsequenD 
Bretts. By John Clark Marshman, O.S.I. Abridged fhim the Author’s 
larger work. Second Bdition, revised. Crown 8vo, with Map, 6a. 6d. 

MARTIN* Goethe's Faust Part 1. Translated by Sir Thbodobb 

Margin, Second Bd., crown 8vo, 6 b. Ninth Ed., foap Svo, ^s. 6d. 

Goethe's Faust. Part 11. Translated into English Verse. 

Beoond Bditioii, revteed. Pcap. 8yo, 6s. 

The Works of Horace. Translated into English Verse, 

with Zdlb and Notes, svois. New Bdition, crown Svo, a xs. 

Poems and Ballads of Heinrich Heine. Done into Eng- 

li(ih Verse. Second Bdition. Printed on jxjp<irv8fflf<, crown 8vo, Ss 

.-,-1 The Song of the Bell, and other Translations from Schiller, 

0 oe^e, Chlandi and Othera. CNown Svo, 7s. 6d. 

I ^tuUue* With Life and Notes. Second Ed., post Svo, 7®* ^d. 

Aladdin ; A Dramatie Poem. By Adam Obhlbnschlab- 

^ *A Tmgedyt By Obhlbnschlaegbe. With 

Motet. #ro, 3a. « 

Rourt Dauglitef ! A Dankh Lyrical Dram%, By 

HfimiltHHats. Booend Edition, tcap..BS.j^ , ^ v 

KAlCriN. On iom« of 8h»ke§pBare‘i female Charootem. La a 



mT m BOOKS poBEjsasB m 




KATSSSOH. Cm tiie Old I'aitii live with the Nevf or th« 

TtMtm ^Svoliitimi ftsd StriU^oB^ Bf tSw Ojmei MArtOtmt^ B.i>. 
1 %M Bditioiii. Otoini aro, 79. ed. 

— “ The Paalmist and the ScientUt j or, Modena Value of the 

ItoUeiotiB fiantlment. 0mm 8ve, 79. dd. 

HAUJtlOE. The Balance of Militaiy l^ym in Europe. An 

BtaminaUoti of the Wer Besooreetof Qmt Britain and the Oontlnental Statei. 
Br Colonel Haueicx, R Am» Frofeeeor of XUitarr AH and Hiatory at the Boya 
Staff College. Croim 8vo, wi^ a Map. 6a. 

MICHEL. A Critical Inquiry into the Scottish lianguage. With 

the view of Illnatratinff the Rise and Progreas of Olflllaatioii in Seotland. By 
Vaavoifi<)im-MxcHBLf VBA. liond. and Soot., Oorreapondant de llnatltttt de 
France, Ac, In One handaome Qnarto Volume, printed on hand-made paper, 
and appropriately bonnd in Roxhnrghe atyle. Price 66a. 

MICHIE, The Larch : Being a Practical Treatise on its Culture 

and General Manwement, By OBExsToPinui 7. Hiomi. Foreater, Onllen Honae. 
Crown 8vo, with Illustratlona New and Cheaper KdlMon enlarged. 5a. 
Practical Forestry. Crown 8ro, with Illnatrations. 6s. 

MIDDLETON. The Storv of Alastair Bhan Comyn : or, The 

Tragedy of BmiphalL A Tale of Tradition and Bomance By the lady 
MiDDLXToir. Square 8 to, loe. 

MILNE. The Problem of the Churchless and Poor in our Laipre 

Towna. VHh apecial reference to the Home Mieaion Work of the Church of 
Scotland. By the Bev, Bonr. Milks, M A., B.D., Ardler. Crown 8ro, 3a. 6d. 

MINTO. A Manual of English Prose Literature, Biographical 

and Critical ; dealgaed mainly to abow Oharscteriatica of Style. B? W. Mikto , 
K.A., Profeaaor of liogic In the Univeraity of Aberdeen. Third Edition, 
revieed. Crown 8vo, 7a. 6d 

Characteristics of English Poets, from Chaucer to Shirley. 

New Edition, levlaed. Crown 8vo, 7a. 6d. 

MITCHELL. Kographies of Eminent Soldiers of the lest Four 

Oentnilea. By lUdor-Oeneral Johk Mitohill, Author of of WaUenatein.* 

With a Memoir of the Author. 8vo, pa . 

MOIB. Life Measie Wench, Teilor in Delkeith. With 8 
lUnatrationa cm Steel, hr the late Oxonon CnuixssAKx. Croim Svo, ya. 6d. 
Another Edition, foap. 8ro, ta. 6d. 


MOMEBIE. Defects of Modern Christianity, and other Sermons. 
By the Ber. A. W. Momseix, M.A., O.Se , LL l> , Profoaaor of Logie and 
Metapbyeioain Eing’a College, L<aidoa. Third Edition. Crown '’re. 59, 

The Beeis of Religion. Being en Elimination of Netnrel 

B^igfon. Second Edition. Crown Swo, »s. 6d 

— — The Origin of Evil, and other Senoons. SixCi Edition, 

enlarged. Crnwh Swo, 5a. 

• - Personality. The Banning end End of Metuahysics, end 

a Keoeaaary Aaanmptionlfl all Poeitire Philoaophy. Vonrth mL Or. 8vo, ya, 
— Agnoeticism. Second Edition, Revised. Crown 8vo, 5a. 
Pishing and Hearing ; end other Semone. Seeolad « 

Edition. OfowjiKSTO, 4a. 6d. 

* Belief in Cod. Second Edition. Crown Svo, 3*. 

— Inspiratjim ; end other Sermons. Crown Svo, 58. 

IfOpTAOoib 0<unpa%iing in Sooth AJrien. Eewdniieottees of 
ISemoir of Oonnt de Mentlolnnhnrt A 


iCnNmtwttf Seeut9Mn«h Br 1(H Ounim. 'Xfik 

«fMiins4lrviea'*«> •vots.erowee.Oti.,,#. 
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Bordello. Aq Oatline Analysis of Mr Browning’s 

B^Jbanij: MoEiflON, Auiaior of * The Purpoaes of the ikgefl/ *^e 


MOAisoir. 

Poem. , 

Boahe of BalMoi/ 4 ic» Oidwn 8vo, 31. 

MIJBDOCH. Manual of the Law of Insolyencj and Bankruptcy : 

a Smmaary of the Law of Insolvenoy, Notour Baukruptcy, 
gomp^i|dtioii-contnffta» Tmet^eeds, CoBBloa, and BequeatratlonB , and tho 
wmdll^tip of Joint-Stock Companies in Scotland ; with Annotations on the 
yaiious insolvency and Bankr^tcy Statutes ; and with Ponns of Procedure 
^pUcable to these Subjects. By JauEs Kttrdooh, Hember of the Faculty of 
Procurators in Glasgow. Fifth Mition, Revised and Enlarged, 8vo, los. 

MY TRIVUL LIFE AND MISFORTUNE : A Gossip with 

no Plot In Particular. By A Plain Woman. New Edition, crown Svo, 6s. 

By the Same Author. 

POOR NELLIE. New and Cheaper Edition. Crown 8vo, 6a. 
NAPIER. The Construction of the Wonderful Canon of Logar- 
ithms (Mirifiol Logarlthmorum Canonis Constructio) By John Napier of 
Herohtston. Translated for the first time, with Notes, and a Catalogue of 
Napier’s Works, by William Bab Macdonald. SmaU 4to, 150. J. few large 
paper copies may he had, printed o«. Whapman paper, price 30s. 

NEAT^S. Songs and Verses, Social and Scientific. By an Old 

Contributor to 'Maga.' By the Hon Lord Nbavbs. Fifth Ed., f^p 8vo, 48. 

— Tie Greek iOithology. Being VoL XX* of * Ancient Clas- 

iloa for English Benders.' Crown 8vo, as. 6d. 

NICHOLSON, A Manual of Zoology, for the Use of Students. 

With a General Introduction On the Principles of Zoology. By Henrt Al- 
t,ireNB Nicholson, M.D , D.So„ F L.S., F.G S , Begins Professor of Natural 
Hiitory in the University of Aberdeen. Seventh Edition, rewritten and 
enlar^ Post Svo, pp. 956, with 555 Engravings on Wood, 188, 

Text-Book of Zoology, for the Use of Schools. Fourth Edi- 
tion enlarged. Crown 8vo, with 188 Engravings on Wood, 7s. 6d. 

, — Introductory Text-Book of Zoology, for the Use of Junior 

dieses. Sixth ^tion, revised and enlarged, with x66 Eogravings, 38. 

OatlineB of Natural History, for Beginners ; being Descrip- 

tloas of a ProgwMive Sari*, of Zoological Typ«»- Bditlon, wftli 

of PalsBontology, for the Use of Students. 
With a Oenmad Introduction on the principles of Palseontology Second Edi- 
tion. Eevlged and greatly enlarged, a vols Svo, with 729 Engravings, a, as. 

The Ancient Life-History of the Earth. An Outline of 

the Principles and Leading Pacta of Paleontological Science. Crown 8vo, 
with 276 Enipravings, los. 6d. . . 

On the Tabulate Corals” of the Palseozoic Penod, with 
Critical Desorlptions of Illustrative Species, Illustrated with 13 Litho- 
graph Plates and numerous Engravings. Super-royal 8vo,ais. 

Synopsis of the Classification of the Animal King- 
dom* 8 vo, with io6 lUnstratlons, 6s. . 

■ On the Structure and AfB^nities of the Genus Montic^- 

iK»t Md Hi Subdue**, wttb Orffle*! DeioripUoni of muitretlve Bpeojei. 
i^irated with nnmeraus Engravings on wood and lithographed Plates. 
Sttper-Toyni 8vo, i8s. ^ a.%. a 

NICHOLSON. Oommuidon with Heaven, and other Sermone* 

. 8 D. 1 ).. MWrtS of St JWl|bn.#b. 


in* Jesus* Shrth Edition. Fcap. Svo, 4s* 6 d. 

J|^Q^Se^l*Su?o^ori«o*j»oiBiy»dllM«MitU« lnwln 


otSdbilKngb. 6v*,»<».6d. 
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PAUL. GGBtorjr of the Boyal Oompaay of Archers, the Queen’s 

Bod3r*4TUud tot Scotland. By Jamks BAijrotm Paul, Advocate of the Boottiih 
Bar. Otown with Portraits and other fUnstratioziB. As. as. 

PSILE. IjawB Tennis as a Game of SkilL With latest revised 

Laws as played by the Best Olnba . By Captain S. 0 . F. Psils, B.B.O. Fonith 
Bditlon, foap. cloth, is, 6d 

PETTIGJREW. The^andy Book of Bees, and their Profitable 

Management. By A. PETTzansw. Fifth Bdltion, Enlarged, with Engrav- 

PHIL^P^AL’^C^SSICS foe ENGLISH READERS. 

Companion Series to Ancient and Foreign Classics for Enriish Readers 
Bdtt^ by William Khsoht, LL.D., Professor of Moral Phuosophy, Uni- 
versity of St Andrews. In crown 8vo volumes, with portraits, price 3s 6d. 

[For liftt of Volumes puhH^ied, see page 2. 

POLLOK. The Course of Time ; A Poem. By Robert Pollok, 

A.M. Small fcap. 8vo, cloth gilt, as. 6d. The Cottage Edition, 321110, sewed, 
8d, The Same, cloth, gilt edges, is 6d. Another Edition, with lUnstratlons 
by Birket Foster and others, leap., gilt cloth, 38. 6d„ or with edges Kilt, 40. 

PORT ROYAL LOGIC. Translated from the French ; with Intro- 
dnctlon, Notes, and Appendix. By Thomas Spenomk Bayihes, LLB., Pro- 
fessor in the Universi^ of St Andrews. Tenth Edition, lamo, 48. 

POTTS AND DARNELL. Aditus Faciliores ; An easy Latin Con- 
struing Book, with Complete Vocabnlary. By A. W, Ponrs, M.A., LL.D., 
Head-Master of the Fettes College, Edinburgh ; and the Bev. C. Darhell, 
M. A. , Head-Master of Oargilfleld Preparatory School, Edinburgh. Tenth Edi- 
tion, fcap. 8vo, 38. 6d. ^ ^ , /N X • 1 

Aditus Faciliores Graeci. An easy Greek Construing Book, 

with Complete Vocabulary. Fourth Edition, fcap. 8vo, 38. 

PRINGLE. The Live-Stock of the Farm. By Robert 0. Pringle. 

Third Edition. Revised and Edited by James Macdonald, of the ‘ Farming 

PXJBLIc'^^tfENER^*^S^ATUTES AFFECTING SCOTLAND 

collection op. Published Annually with General Index. 

RAMSAY. Rough RecoUectiona of Military Service and Society. 

8T Lteut-Ool. BAUJARBiia D. Wardlaw Ramsay. Two vols. post 8vo, an. 

RAMSAY. Scotland and Scotsmen in the Eighteenth Century. 

Edited ftom the MSS of John Ramsay, Esq. of Oohtertyre, by ^tx^DEB 
Allabdtob^ Author of 'Memoir of Admiral Lord Keith, K.B., &c. 2 vols. 

RANkF^.*^ A Handbook of the Church of Scotland. By Jambs 

Rankin, D.D., Minister of Muthlll ; Author of ‘Character Studies in the 
Old Tesiament/ Ac. An entirely New and much Enlarged Edition. Crown 

RANKI^E. *A I'rMtise on the Rights and Burdens incident to 

REOOrSs OF ThrTl»»AMEST^^^ OF THE 
raiVERBITt OF EDnJBUBQH, Oelebnited tn April 1884. PuMlshed 
under the Sanetlonofthe Senatns Academics. I*rge 4*0, , 

rice. Reminiscences of Abr^am Lincoln. By Distoguu^d 

Men of Ws TlinA OoUeeted and Edited by 

5 tho 'North American Review. , ^6* RrAnwin 

ROBERTSON. Orellana, and other Poems. By J. Logie RemBBS- 
soa. M.A. Fcap. 8to. Ftlated on hMd-made paper, fe. 

, . White Angel oi the Polly Ann, and other Stories. 

A Rook tfFaMes and %o««. Fcap. 8vo, • , 

»rmi!lt.T ahN. Ont H(di^ Among Ihe Hum. By Jameb ana 
jAimt tool* BosnaWOH. Fcap. »tc, s*. «<*• 
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BOSCK)!!. with a Fisliizig'rod. B7E.B. Bosoox. Oioira 

lift. 6<d. 

BOSS. Oli Scottish Begimentid Golottrs. By AItsbbw Boss, 



wms eroj wi«a AuaBunawos. sia. 

&T 7 SSSLL. Fragments fromManyTableeu Being the Becollectiond of 

soiho Wise and Witty Hen and Women. Bj Oso. Bnsssnu Cb:^ 8fo> 4i. 6^ 

BUSSJSLL. Essays on Sacred Subjects for Qeneral Readers. By 

the Bey. Wiu.uk Busssu., M.A. 8yo, xoo. 6d. 

RXJBTOW. The War for the Rhine Frontier, 1870, By CoL W. 

Bnvrow. Translated from the German, hj Johk LaTLaMi) WisDHaM, lien- 
tenant RH. Artillery. 3 vole. 8yo, with Maps and PloiukjCx. xxs. Sd. 
BTJTLAND. Notes of an Irish Tour in 1846. BytheDuMOP 
BuTLaKDi G.C B. (Lord John HANNana). New Bditlon. Crown 8vo, b«. 6d. 

RUTIj AN O. Gems of German Poetiy. Translated by the Duohbsb 

OF Botland ^Lady J ohn Hanners). Small quarto^ 3s. 6d. 

Impressions of Bad-Homburg. Comprising a Short Ac- 
count of the Women’s Associations of Germany under the Bed Cross. Crown 

Svo, IB. 6d. 

• — ~ Some Personal Recollections of the Later Years of the Earl 


of Beaoonsfleld, K G. Sixth Edition, 6d. 

— - Employment of Women in the Public Service. 6d, 

" ■ Some of the Advantages of Easity Accessible Reading and 
Becreation Booms, and Free Lihraxies. with Bemarkft on Starting and 
Maintaining Them. Second Bdition^crown 8vo, is. 

A Sequel to Rich Men^s Dwellings, and other Occasional 

P^era. Crown Sto, as. 6d. 

Encouraging Experiences of Reading and Recreation Booms, 

Aims of Guilds, Nottingham Social Guild, misting Institutions, Ac., Ac. 
Crown 8vo, xft. 

SCHILLER. Wallenstein. A Dramatic Poem. By PKEnEBlOK 

"^ov ScHiLLsn. Translated hy 0 . G A Lookhaet. Fcap. 8vo. 78. 64* 

SCOTCH LOCH FISHING. By « Black Palmer.^' Crown 8 ro, 

interieayed with blank pages, as. 

SOOTTQAL. Scenes from a Silent World ; or, Prisons and their 

Imnstes. By PExirots Scouoal. Crown 8vo, 68, 

SELLAR. Manual of the Education Acts for Scotland, By 
AiABxAjnoEB Cbaio SntLAE, M,P. Eighth Edition. Beyised and in great 
part rewritten hyJ Edward Graham, B. A. Oxon., Advocate. Oonttanlng 
the Technical Schools Act, 1887, and all Acts hearing on Education in Scotland, 
With Kuleft for the cond uct of Elections, with Notes and Oases. 8vo, loft. 6d. 

SBLLEB Aim STEPHENS. Phrsiolc^ at the Fatm ; i& Aid «l 

Bearing and Feeding the live Sto(^ By Widlum Seluer, P.B.S.E., 
and HmntrOrkFHSNB, P.B,8.E., Author of * The Book of the Farm/ Ao. Fost 


SETH^ SoottnmPh^ophy. A Comparison of the Scottish and 
German Answers to Hume. Balfour Philoeophical Lectures, University of 
Jtdhihuigh. By Ainonnw Smrit, H.A., Pressor of Logi& Bhetoric, and 
^ He^hjiicsih lie University of Bt Andiws. Crown 6vo, oft. 

/ HegeHfu^m iud Personality. Balfour Philosophical Lee- 

tniM* wsoond Series* Crown 8vo. ss. 

^ET 9 N. A Budget of Anecdotes. Chiefly relating to the Ourrent 

Century* Compiled and Arranged hy Gwonoa Sgron, Advooate> lit A. Caon, 
New and CZmaper Bditioo, fmi^ Svo. Boards, xs* At 
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SHAND. Half a Century ; or, diangea in Men and Manners. By 

AtJsx» IsrsfXB Bhakd. Author of 'Against Tltue/ Ac. Second Ed., 8vo, 128. 6a. 

Letters from the West of Ireland. Keprinted from the 

'rimes.* Crown 8vo, 5s. 

SHABPB. Letters from and to Charles Kirkpatrick Sharpe. 

Edited by AutXAu^BR Axlardycb, Author of ‘Memoir of Admiral Lord 
Keith, K.B.,' Ac. With a Memoir by the Rev. W. K. E. BanroED. In two 
Tols. Svo. lUuBtrated with Etchings and other Engravings. £2^ xas. 6d. 
SIM. Margaret Sim*s Cookery. With an Introduction by L. B. 

Walbobd, Author of ‘ Mr Smith : A Part of His Life,' Ac. Crown 8vo, 58 . 
SKELTON. Maitland of Lethington ; and the Scotland of Mary 
Stuart. A History. By John Skelton, O.B., LL.I). Author of * The Essays 
of Shirley.' Demy 8vo. 2V0l8., aSs. 

SMITH. Thomdjale ; or, The Conflict of Opinions. By William 

Smith, Author of * A Discourse on Ethics, 'Ac. New Edition. Or. 8vo, 10s. 6d . 

Gravenhurst ; or, Thoughts on Good and Evil. Second 

Edition, with Memoir of the Author. Crown 8vo, 88. ^ , 

— The Story of William and Lucy Smith. Edited by 

Oeobge Mbrbiam. Large post 8vo, las. 6d, 

SMITH. Greek Testament Lessons for Colleges, Schools, and 

Private Students, consisting chiefly of the Sermon on the Mount and the 
Parables of our Lord. With Notes and Essays. By the Rev. J. Huntee 


Smith, M. A., King Edward's School, Birmingham. Crown 8vo 68. 

SMITH. Writings by the- Way. By John CAMPBEiL Smith, 

M,A.LSheriff-Sub8titute. Crown 8vo, 9s. . 

SMITH. The Secretary for Scotland. Being a Statement of the 
Powers and Duties of the new Scottish Office. With a Short Historical 
Introduction and numerous references to important Administrative Docn* 


ments. By W. C. Smith, LL.B., Advocate. 8vo, 68. 

SOLTERA. A Lady’s Ride Across Spanish Honduras. By Maeu 

Soi/TEHA. With Illustrations. Post 8vo, 12s. 6d. 

SORLEY. The Ethics of Naturalism. Being the Shaw Fellowship 

Lectures, 1884. By W. R. Sorley, M.A., PeUow of Trinity College, Cainbrldge, 
and Examiner in Philosophy in the University of Edinburgh, Crown 8vo, 68. 
SPEEDY. Sport in the Highlands and Lowlands of Scotland with 

BodsndOun. ByToMSPEBDi. Second Edition, Revl»ed and EnUrged. With 
Illustrations by Lieut.'Gen. Hop8Crealocke,C.B.,C.M.G.,and others. 8vo, xys. 

SPROTT, The Worship and Offices of the Church of Scotland. 

By Gborob W. Sprott, D.D., Minister of North Berwick, ^pwn 8va 6s. 
STAFFORD. How 1 Spent my Twentieth Year. Being a Record 
of a Tour Bound the World, 1886-87. By the Makchiokess op Stajtfobd. 
With lUuBtratlons. Third Edition, crown 8vo, 8 b. 6d. » o • 

STARFORTH. Villa Residences and Farm Architecture : A Senes 
of Designs. By John Starporth, Architect. loa Engravings. Second Edi- 
tion, medium 4to,;^ 2, 17s. 6d. 

STATISTICAL ACCOUNT OF SCOTLAND. Complete, with 


Ea^Sunl/sold wpawteiy, with Title, Index, and Map, n^tly 
Ibnnlng a very valuable Manual to the Landowner, the Tenant, the Manulao- 
turer, &© NaturaUst, the Tourist, Ac, 

STOBBART Angling SongSe By Thomas Tod Stoddart. New 

^ ^ mion wlthf Dr by M.Wart. Crown 8vo, 7s. 6d. • 

STRICKLAND. Life of Agnes Strickland, By Her Sister* 
Post 8V0, with Portrait engraved on Steel, las. 6 ^ 

STOIWIS. John -a. Dreams. A Tale. By Jbuan SrniMSfi. 

, and New. Crown 8vo, ys, 6d. 
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STKPHKNS* BOOK OF THJS FAEM; detailing the UUxM oi 

tli« Iftamm, I’ftm-Stewaxa, HoiigliLmaii, Sbepkanl, H6dger» Farm-lAbommi 
and OatUeman lunatrated with nnmerous Fortran# of Ani- 


nuala mA nagrarliiga of h 


dements. Fourth JBdition. Bevlaed, andinaroat 
A0i>0Kaxn, of the ‘ Fuming World, ' if c. A#- 


rewritten dv jauibs MAcmowALn, oitne * riming world,' Ac. A#- 
aieM by many ox the leading agricultural authonnea m the day. To be com- 
pleWd in Six Divisional Volumes. 

ilHvi^iom II , and JJJ., price loa 6d, each, nav> ready. 

— The Book of Fana Buildings; thexr Arrangement and 

Oonatruction By Hkh&v Stxpbkks, F B,S.E., Author of * The Book of the 
Farm . ' and Bonvar Boott Burk. XUuatrated with Z045 Plates and Bn- 
gravings. Lame 8vo, nnifom with * Book of the Farm. ' Aa / x, xzs. 6d. 

The Book of Farm Implements and Machines, Bj J. 

SmoBT and R Soott Buhk^ Bngineers Edited by Hekby StKmcjre. Large 
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